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P.REFA^’E 

During the pa|t few years fip rniieh fruitful research work has 
been carried out in metal lograpliy, crystal logjtiphy, electro- 
(diernistry, conoid chemistry, and geo-chemistry that we are enabled 
to ajaproach th(‘ subject of metals in a-n altogether ne^’ spirit. It is 
now possible to suggest reasons for phenomena which at one tini^ 
appeared biexplicabh% and to detect regularities ^\'}lere once the 
facts seemed (J^iaotic. Advantage should sundy be taken of the 
i\ew aspect of the subject in the textbooks. The traditional 
practic«iof giving long “ catalogU(\s of^atts and empirical accounts 
of metallurgical processes, is no douljt of use for books '?;f reference. 
But* in books inteiided for continuous reading, such a method is 
far tbo uninspiring, and sliould be abandoned now that knowledge^ 
lias advaif(^d*sullicient]y to offer something Indter. 

dll this t)ook, an attempt is made to correla te cause •and elTect, 
and*to introduce such theoixdical views as will serve to connect 
^he known tacts in an ordered and (degant seqi^uice. The book 
is intended for^the advanced student (^f inorganic and metalJur- 
gteal ( liemistry, and for those (mgaged in research in these subjects. 
Tlie incfustrktl chemist will, I h<^)]^‘, also find it of assistance, whilst 
certahi portions (e.g. thf)^^! dealing Avith Avork-hardening, recrystal-* 
lizatioii, the (.Affect of impurities^on metals, and eorrosiem) should 
prove us(dijl to th^ Engineer. • • ^ 

The diiKcultics ^vvliich I have expi^dcnced iji Avritffi^ the book‘‘ 
have served to convince me that the work is realfy needed.* Much 
information Avhi(*h I regard as being of^he greatf'st importatice I 
have found scattered thrcmigh the recent volumes of the scic]|tific 
iftid technical j(?^irnals— in many case.s in^journals whi«h are not 
commonly ^considered as T^ing dqvoted to^ chemistry at alh and 
which appear sometftnes tc^jiave escaped the notice <y;,the Avriters 
of standard chemi(jal textbooks. 

0f th(3*four volumes, th# lirs^is of a^generMized character. ^ 
begins with an Introduction^n which I ha\^ gBiid^avoprcd to con- 
dense the elementary principles* of gei^ral chemistry, physfes and 
geology, ^ knowledge of wftich the rei^lor is assufiae^ in tli6 body 
of t^e work to possess. The body of^Volqiiip I isjdiyidfd kito two 
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parts, “The Study of^he M»Jallic^tal# (Metallo^aphy) and 

The gtudy«Df Uie Ictac^ate (Electrochemistry], ffhetn^etfl- 
lographic ^portion fticludes the effects of (Morma^ion, •annealing 
and#aUoyi]^g on the proj^rties of metals ; the ^ectro(ji|mica^portion 
includes such si bjects as the structure of precipitates, Jhe c^hoidal 
state^ eir^^ro-deposition and corrosibn ; if cl5sie» ^th a ^ma^ter 
on radioactivity. By the treatment of the meta^lograf)hy and 
^electrodiemistry of , metals in a general fashion, with examples 
chosen from ind^vi\luar metals, these two siibjepts ai^ presentc(^ 
in a more satisfactory manner than if they were introduced piece- 
meal in the m tions devoted to the different metals. In addition, 
a great deal j^f wearisome repetition is avoided in the subsequent^ 
volumes. ( i •?> 

' The chapters dealing with electrochemistry have presented 
special difficulties. I do not believe it possible to obtain a proper 
understanding of the chemistry of inetals without some knowledge 
of electrochemistry and colloid chemistry. In order to^Hhrow 
open these subjects to all, I have made the treatment, as far as* 
possible, ntn-mathematical. A great obstacle to the attractive 
presentation of electrochemical principles is the barbarous uliar- 
acter of the nomenclature iii use ; I have not felt justified in Intro- 
ducing a new nomenclature, but have tried to make tne best of 
the existing terms, selectijig a terminology which will bo defiirite, 
even if it is not dignified. 

In Volumes IJ III and IV, I deal one by one with tlte individual 
metals. The order observed is based upon the Periodic Table in 
a form similar to that made popular by Sir James Walkor. The 
old form of the Periodic Talde vhich classes sodiu/h along with 
copper has now — it is to be hoped— few i?ctive supporters, although 
it still ornaments the walls of our lecture theatres^ Itnd appears to 
.Jiid favoin with tho authors of chemical treatises based upon the 
‘ classical ipd^dcl. In the nqw table, which accords weik with the 
chemical and electrochemical properties of t/lc elements and is 
in harmony with modeni ideas of the structure •of the atom, the 
eleil lents can be divided into three maiv classes, and J have allocated 
ariifferent volume to ea'ffi class. Volume II dea^i with the mettfts 
of the “A Groups,’’ Yolumc III with “ Transition^ Elements ” 

(“ Group Vi^II ” of the old table), whil(!!.t Volifhie IV deals wilh the 
metals of the* B Groups.” 

* 1 yhe space devoted to each ni^etal is divided into^ three iflain 
sections. first' dpals with the m^tal and its compounds from 

Vhe point gf view of tho a^adernital Uboratory. The pure chem- 
istry of the mf tdl an(J its co:npounds is here discussed ; nc^reference 
to orest t^hipcal pro^qesscs , and industrial application is ma^e in 
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tjjis section, which is ftierefbre cohcise; V-h® section ends 

mtif rf sunlmary of th% methods of analysis the^etfil in.q^uestion, 
although *the book ijinot int(|nded as a practical ’anal34ical hand- 
book.^ 

The secoffd ^sectiyn deals shortly with the terrgftri^ occurrence 
of tj;ie mhtal in (fuestiorf, starting with its origi^in the ro^^J-m4gma, 
and discussing the probable inode of formation of the 3 i*^ortan^ 
ores 4 nd minerals, both primary ai»d S(^con4liiry. ** 

f The thircl sectton— which ^s often tlie^longoet-*-is^of a technical 
character. We a^;art with the Ore or mineral, and follow the ijietal 
through the jirocesses of concentration and smeltSig, and finally 
consider the practical uses of the element, and of compounds con- 
tainffig it ; I have tried to show why the properties oi»the individual 
metal — as stated in the theoretical section- — render it suitable for 
the various uses to wlfieh it is put, and to make tlie technical section 
a correct survisy of industry carried on at the present tir^e ; I 
have only referred to obsolete metliods 4)f procedure in a few places 
’wheje fiich a reference is thought to be instructive. • 

Stress has been laid on the important points, which have been 
illustrated by a few chosen examples 411 order to avoid burdening 
the readejf' with a mass of names and numbers, wliich he jv^ill nott 
retain, an^T which can be looked up Avhen required in a table of 
ptfyfical constants or in a detailed book of reference. Proper names 
have largely been concentrated in the footnotes, and thus kept out 
f>f the ^ext ; I.have written a book about chemistry — not about 
chemises. Likewise the figures are frankly diagrammatic, dmwn 
to enijiliasii^c the salient points ; in the diagrams of technical 
plants much* that is of merely "Structural importance is omitted. 

I have only employed Ih^ historical order of description where it 
happens also t'o be ^le logical Arder. 

Throughout th^*bopk numerous references* are g^v^n, in f«ot^ 
notes, to*scientific,^nd technical literature ; th^se sho*ild,be con- 
sulted by the reader wRo wishes to study any given part the 
subject ii4 greate^ detail. In selecting tliese references, I have not 
given preferenee to the^’orll of the actuahoriginators of the various 
theories or processes, but ^lave sought ratRer to provide the reader 
with. the fnost recent in^nunation regarding the matter under 
discussion. The recent pa\)ors themselves will include references 
to the earlier ones, Whilst the converse is f learl;^ npt true. ^ 

In sul 5 je«ts regarding Inch /disagreement prevails at prescfif, 

I have in most cases departed from the us^iaf cu^om«of giving in 
turn a summary of the vie Vs advanced by the various* disputants, 
as this practice is apt to feave the rc’ader hopelesidy bewildered. 
Rather, I have endeavouredL to suggest* a. stanr}p#in^ which the 
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fliverage reader n^y safdly ^dopt as % working hypothesis, un^ 
further ^^seai*bh feall^* decides the question ufider» difcutis. * H, 
however, tiie subject happens to be fme of sf^cial interest to the 
readf!r,*he liiiould consult the references in the/oot-ifoijes, form 
his. o^ opi^iorff^ In these foot-notes, ho wilj. find^ ;^erenc.:s to 
many, auffe#orities wfcoso views are not held by thS preseid wrjfver. 

As a^Mdy stated, great efforts have been made to remler the 
book a8*“ up-to-dat^” possible, but I have not conceal<^ the 
fact that unc^takity still, prevails oi> many parte of tlie subject,- 
and iihat research is continually bbing conducte-d to settle these 
doubtful point!. I have endeavoured to prepare the reader to 
revise his owji opinions without undue reluctance eVery time he 
may open a scientific joifrnal. ^ 

I wish to return thanks to the numerous friends who have very 
kindly given information or advice. Especially would I mention 
Mr. G- T. Heycock, Dr. E. K. Rideal, Prof. H. C/'H. Carpenter, 
and Mr. Maurice Cook. Mt*. Cook has prepared the micro-photo- 
graphs ^iccompanying Volumes I, III and IV of the book, 5nd has 
shown mucli* skill and patience in obtaining results which illus- 
trate clearly the points described in the text. ^ 

U. R. E. 


Cambridge, 1923. 
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GR/)UP U 

THE ALKALI MET*ALS 


Litlnum 

Atomic 

Weight, 

6-94 

Sodium 

. 23-00 

Potassium . 

• 39-10 

Rubi(^ium . . 

. 85-45 

Ca3sium 

. 132-81 


Normal Electrode Potential 
(Hydrogen l^alo). 
•—3 027 volts 
-2-715 „ 

-2-925 „ 

-2-928 „ 


/) Th(f,yrst group of elements consists of ny^tals possessing properties 
v^ery differe^it from tliose which we are accustomed to associate with 
metals. Th^y^ are all highly reactive substances, standing at the 
nega^ve end of the Potential Series ; so reactive are they fliat they 
decompose w^ter with great violence, hydrogen being produced. 
Tlfe hoat*evolu1^on of the reaction is so great tha* the hydrogen 
in most, eases catches fire. The great reactivity with water is 
certainly* #:jonnec ted, not only with the electrochemical character 
of the metals, ’but also with the solfibility of the hydroxides. These 
are well-defined ^compou nets* of most pronounced basic character. 
They lose their combined water otily with the greatest dilficulty, 
and it is in most c^^\s jmpossilile to prepare the anhydrous oxide 
inen'Ay by ^Qating.tbe hydroxide. Ii? this respect the^ pj-esent 
a striking contrast with the so-called “ hjdroxicks ” of the heavy 
•metals, in w^hich the water appears to be very lodlsely combined. 

dissolution f»f the oxide^fir hydroxide jn acids is attended Iby 
great evolution oHieat, a fi^t which illustrates the strong basicity- 
^f the jcomjfbunds. i^noth^ distinguishitig ieature of th^ group, 
due to the same cause, is that the oxides cannot — with thb exception 
of Ij^yiium oxide — be prepared by heating the nijr^te or cari)onate ; 
the acid dbnstituent of these sal^ is too* firmly h^ed. The saitS 
are mostly very well-defined (Crystalline bodfes.* The ntjrmal, salts 
of strong acids* are practicajjy unhydroiysed and^enesally react 
neutral to* ordinary indicators. The salfs are ki almost every c%se 
without colour, except where •they aje d^ved fK)m ff c8loured 
^.C.— VOL. II. , * * * • • • 
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acid. Anothef iToteWorttyr lact isnnai — wiin a lew unimportant 
exceptions^- all*the Salts are fpeely soluble in* water. 

There^ is in- each c^se only on# class (ft stable compounds, in 
which tt>e metal is monovalent ; peroxide^ and^olvsiflfhides are 
known, bpt tl^se are comparative!^ unstable ^bstances, and behave 
as thoLgh parf ^ the oxygen or sulphui* were? loosely attached ^ 

It xS noteworthy that lithiufn, the lowest mepal^^jr of ^le group, 
diffep'^ in several ^’espects from alb the others, and ha# certain 
points of resemblance to the metals of the succeeding Group Ifei. 
It is chemically less reactive than the othef metals, although, 
curiously enough, it appears to have a distinctly more negative 
electrode potential than the other elements — an anomaly^ whic^i 
seems to require an e.^planation. 



LITHIUM* 


• LITHIUM 

» • 

Atomic .^eigVt 

TlJe Metal 

Freshly preparecl lithium is a metal displaying a bnght silvery 
lustre, but the surface quickly tarnishes when exposctl to a damp 
altmosghere. It is the lightest solid known, the specific gravity 
being about 0-5^14. The metal is softer thsm lead, altl^ough harder 
than the other members of Group Ia. It melts at 186° 0. 

Tathium is the least rf^aetive metal of the group, but nevertheless 
it decoij!])oses wftter readily. When a piece of lithium is tliTowp on 
to water, it floats on the surface*, hydrogen being freely evolved ; 
lithiunf hydi’oxido is formed in the solution, which acquires an 
alkaline reaction. The l^eat generated by the change is, however, 
not s\great as to cause the ignition of th§ hydrogen or even to melt 
the lithiuitj. Needless to say, the metal also evolves hydrogen 
from dilute^acids. 

A^ghas been stated, the metal quickly tarnishes in damp air, 
although it ^s unafT(‘cted by dry air at ordinary temperatures. 
When heated ii^air, lithium first melts, and then takes fire, burning 
wi^h a bright white flame, and forming lirtiium oxide. The bright- 
n(iss of tlije flatine is no doul)t due to ])articles^of i?icandescent lithium 
oxide. '* ^ 

Laboratory Preparation. The metal can be prepared by the 
(‘lectrolysis of the fused* chloride, Ifut it is more convenient to use a 
mixture oJ^ the brcunid® and chloride, as such ?i mixtitri? melts at^ 
a low(‘r temperatilrva 4']ie mixture, ^containing ,^85 per cynt. of 
^bromide, is fused in a copper pot. A ci^^'bon rod anod(‘, and^two 
Irvm Wires, •which serve as c^^thodes, arc introduced, and are joined 
tff a battery givTi^ an E.M.F. of 10 volts. •Shining beads of jiyimm 
soon aj)pcar at tiie cathoc^s, and may* be removed from time ?o 
time with an iron ladle. ‘ ^ # 

Since the metal de^;omposes water, it is useless to and prepare 
it li^ the^ electrolysis of an^aquqpus solution (if salt, t^it when 
a solution of lithium chloride in pyridine is electrolysed, the met3,l 
is produced as a silvery coating ypon the cathode. * • • 

' O. Riiflt and O. Johannsen, Zeitsch. ElektrochU^. ^ ^90fi), 186. • 

‘ L. Kahlenberg, J. Phys. Chmn. 3 (18*9), * * 
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Compounds 

* I 

Litftium oxid^, Li^d, is formecL when t*ric metal is ‘burnt in air. 
CJnljJie {jje oxides of tne other alkali metals, it nitiy als6 Tie formed 
bydieatiijg the nitrate. This faiH) shows thf^ lithiufn oxicleris less 
feasic ttaan the’oyides of the other metal^. It it^'best obtained jn a 
stak'Aif purity ^ by heating thb carbonate in a curj^nt oi^ydrogen 
at 780-800° C. Tlje pyre pxide is a white substance. It 6ombines 
with water far lesireadily than the oxides of pot^sium and sodiuxi, 
another circumstance quite in keeping with the Lss active character 
of ‘lithium. 'It does, however, slowly enter into combination with 
water, forming the hydroxide, LiOH, a soluble white crystallirA; 
substance ; Jihe aqueous solution shows an alkaline reaction and 
caustic properties, and slowly absoi^bs carbon dioxide from the air, 
forming lithium carbonate. 

Snlts. Most of the lithium salts are soluble,' colourlci’s, crys- 
talline bodies. They mar l^ie formed by the action of the acid in 
question upon lithium hydroxide or carbonate, the solution pro- 
duced being afterwards evaporated. The chloride, LiCl, crys- 
tallizes in octahedra, and ij*. very soluble in water and also in albohol ; 
it is , deliquescent, and forms various hydrates. Tb^^ nitrate and 
sulphate are also soluble crystalline solids. ' 

The carbonate, LijCOa, is less soluble than those of the* other 
alkali metals. It can in fact be obtained as a crystalline precipitate 
through the addition of ammonium carbonate tea concentrated 
soiution of lithium chloride, but no precipitate is formed the 

solution is dilute. It is more soluble in wat(T containing carbon 
dioxide, for under these circumstances, the acid carbonate, LiHCOs, 
is formed in the solution. 

Lithium Phosphate, LiaP 04 , is an impbrtant insoluble salt of 
f' lilhium, an'd is obtained a precipitate upon the addition of 
sodium p*aosphate to a lithium salt solution, preferably made 
alkaline with apimonia. • The solubility limit ir water is about 1 < 
pai;t in 2,500 at ordinary tianperatq^rs. It is, however, soluble 
in dilute acids, and, by crystallization of the solu,^’on in nitric aeid, 
a soluble acid phosphate, Lih[.,P 04 , /s obtained. 

In the solnbility relations of its salts, lithium forms a link between* 
the other alkcT. metals, which have very soluble phosphates and 
^ carbonates, and the metals of tho succeeding groups in which the 
pliosphates and 'carbonates are insoluble. 

Lithium peroxide is precipitated when hydroge.n peroxide and 
alcohol are fcdOed to a ^vdution of the hydroxide. The white 

^ de' Foreran a, GoUptes Rend. 144(1907), 1402. 
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^rystals which appear in the solutiort contahl water ^and hydrogen 
peroxiSe in cf)mhinatTion«but yield tfie anhydrous p*roxiflc (usually 
written Li2(52), when allowed t(? stand over^phosphorus p 9 ntoxido 
for som(k'\v*ccks.^^ 

Analytital 

, Most lithiiwii compounds, moistened \t'it}» ny^iyocniorK! acui- ana 
iiWoduced into the Bunsen flanle, impart ii^red cM(1nr V> the flame. 
On examining the light from the flame through a sj^ctroscopof a 
bright red line and a weaker yellow line may be seen. Very minute 
fraces«of lithium can be detect(‘d by meaus of the spectroscope, 
even in the presence of other metals. • 

The analytical separciiion of lithium from the metals of succeeding 
groups depends on the fact that most of the latter have insoluble 
hydroxkles (and can therefore be precipitated with calcium •hy- 
, droxide), or have insoluble carlionates^afid can therefore be pre- 
cipitated with ammonium carbonate., in the pn^sene.e of ammf>nia). 
In bcjth cases, if the solmtion is not too concentrated, the lithium 
remaihe in solution. 

The sepifra+vm of lithium from members of its own grouj), which 
also, have soluble hydroxides and carbonates, depends oi^ the fact 
that Rthium chloride is soluble in amyl alcohol, whilst the chlorides 
o| sodium aitd potassium are precipitated when amyl alcohol is 
added to a coifccntrated aqueous solution, and cjfii bo separated 
by* filtering the liquid. The filtrate containing lithium chloride ckn 
be evapdratv^J, and converted, b^^ heating with sulphuric acid, to 
lithium sulphate, in which lithium may be weighed. ^ 

Idle method jfjst describecr is not exact, Ix'causo the precipitation 
of potassium and so^liimi is not quite complete ; for accurate work, 
it is iK^ces^ary to Pnaki? a small deduction from the vRiight of s5-*' 
called lithiurfi sulp'fulde f^und, on account of the«small •im(*unt of 
sodium or potassium sulphate which it licccssafily^ contains. . 

Amyl alcohol js an unplea’i^nt substance to work with, on account 
0? the odour an the physiological action of the vapour. Otner 
methods h£\^vo been worke^ out depemfing upon the solubility of 
lithiuih chloride in other sdi vents, such as ilobutyl alqphci,^ or an 
ether-alcohol mixtui-e ^ ; in each case sodium potassium 

chlStides ,arc nearly insoluble in ^he liquid in question. 

^ de Forcrand, Comptes /?end. •130^(1900), 1405. 

^ W. W. Skinifcr and W. D. Rollins, ILS. f)ept. Agric.y Bur. phem.y BullJ 
153 (1912^. • • 

^ L. W. Winkler, Zeitsch. Anal. Chem. 52 (1913), 628. 

* S, Palkin, J. ^mer. Ghem^poc. 38 (Iglft), 2m 
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^’ERRESTRfAL OCCURRENCE 

4 i 

Lithium is one of ^hc less common elements^occur^iijg in rock 
ma^ma/ and, during the solidi^cation of an igneous thtrusion, 
■{^ends ^o*hecdijie concentrated in the acjdic fjorjiions wbioih are the 
last Jo solidify.* Thus granit^ contains more lithium than do* the 
basic j-ocks, whilst the pegmatite veins which repi^esent ^Tt.bsolutely 
the last portionsr af grd'nitic magma to solidify are often com- 
paratively nch*' iit lithkim minerals. Lithium^ compounds appear 
tahavc bccR given off in the vaporous form during the final stage 
of consolidation, and many of the minerals found in the neighbour- 
hood of igneous rocks seem to have a pneumatolytic origin* Also 
the thermal waters given off by igneous intrusions contain an 
appreciable amount of lithium, which consequently appears in many 
mineral springs, notably those of Baden Baden ; the medicinal 
valae of such springs is no doubt largely due to this element. 

The main lithium -beat in(^ minerals occurring in granitic rocks . 
and «j)egmatite veins are the silicates — 

Lepidolitc (lithia mica) . . LiK LAl(OH,F)3]Al(k^*()3)3 

♦Spodumene .... LiAl(Si03)2 • 

Betgllite .... LiAl (Si 205)2 ‘ 

Often associated with spodumene are the phosphatgis : — 
Amphlygot-iite . . . Li(AlF)P 04 o 

, Triphylite . . Li(Fe,Mn)P 04 

Lithium minerals are often associated with the ores of tin, another 
metal of which the ores appear freqiictitly to have, a pneumatolytic 
origin. The tin ores of the Black Hills, S.^ Dakota, are famous for 
tiieir en(fx'i|}ous crystals of spodumene ; one ^srticular crystal has 
a face ov^r 42 feet long, whilst crystals 30 fret long. are compara- 
tively common. < ^ 

By the weathering of rocks containing lithium, or bj the influx 
of*^v\ a ters originating in numeral sprinj|s, traces of lifhium are usually 
ftmnd in ordinary river water and comequently*m the sea. More- 
over, sipce land plants, and also seaweeci have the power of absorbings 
the element, minute traces of lithium are to be found in almost all 
vegetate pro^ugt^ ; ordinary tobacco ash, tor instance, contAins 
ML appreciable Quantity of lithium, a ^act which cheihists who are 
searching for traceS of the clement In other materials will do well 
to remember. 

Jn short, Ifthium ds a very widely distributed element^ although 
present ui.uaUy^only io" small^ quantities. 
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The most> convenientiminera^ to utilize as th^ sr)urc6 of lithium 
ire lepic^ojite (lithia-mica) or spodumene ; %the fortner mineral is 
iargelj^ mined in Cali:^rnia, and^tho latter in South Dallota.* • 
Like^ther silio^at^ minerals,. they are insoluble. In i\feter, 
ill the frtrm in which they occur jn rocks, are ftften only slowly 
ittacke^ by actds* If, howe^ver, the lithium mineral is fused, and 
bhen poiircd*into ^old water,* the rapid*co(fliii^ usually rentiers the * 
mass brittle, and^t can readily be reduced to a*lifle ppwder which, 
in account of the large surface presented, is fairly rapidly decom- 
posed by hot, concentrated sulphuric acid. -After digestion with 
bins »cid, the mass, whilst still hot, is extracted with water, and 
filtered to separate the silica ; the filtrate contains Hhe sulphates 
li all the metals present in the original mineral, the most important 
f)eing aluminiiy;n, potassium, magnesium and lithium. 

By bidding potassium sulphate to tlu^ boiling liquid, most «f the 
ilumyiium is thrown down as the r^tlft^-r sparingly soluble double 
salt, alum (K2S04.Al2(S04)3.24H20) ; the rest of the aluminium 
is precipitated as hydroxide by the addition of calcium hydroxide. 
The Sulphates remaining in the filtered liquid are converted to 
fiilorides’by the addition of barium chloride, and the liquid again* 
filtered to'separate barium sulphate ; it is then evaporaj^cd to dry- 
ness. 

Of the chlorides present, only the chlorides of calcium and lithium 
are a ppreciably soluble in alcohol, and, can therefore be extracted 
with iluxt solvent. The calcium can afterwards be precipitated 
by ammonium oxalate as the insoluble calcium oxalate, leaving 
lithium — nearly free toni other metals— in the solution. From 
the chloride, T)thcr salts of lithium can be prepared. * 

In an alternative ‘•process, wliich was worked out in America, 
the use •of alcoffol is^ dispensed wi^i. After the removal of*tl^‘ 
aluminium* the soTutioti containing sulphates i>f lithium? calcium 
and oth^r metals is treated with ammoiiia and ammonium oxalate 
to remove cajeium, and i^e lithium is then precipitated from the 
filtrate as carl^ppate, b*y the addition of •potassium carbonate *2 
Lises ftf Lithium Saifs, Various galt^ of lithium are used for* 
medicinal purposes, being found useful in all ailment^— such as 
jjput and arthritii? — which are coimected with* the* presence of uric 
acid iif the system. It Ifappefts that lithium urate is raore soljible 
than the other salts of uric*acid, and it is commonly stated that the 
beneficial aotion of lithium ssdts depends on that fact ; dToubt has 

^ H. Insley, U.S. Oeol. Surv., Mm. Res. (1919)fJ 11., .37* • 

** W. J. Sohiefielin and T. W..Cappon,^7. SdQfjChem.9jrvi. ^ (^908), 549. 
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been ej^presSed, ko wetter, aSs whither 6his explanation is correct. 
The use of Jithlum saij;-s in fnedi^ine has, however, dtcliled s^lllewhat 
owing* to the introduction of orgiinic dri%s. Apart from natural 
mineral' waters contaiiimg lithium, “ lithia^watar ” (a^'wgter con- 
t^iping lithium bicarbonate and* aerated with carbtin dioxide) is 
manuf|ci?lire(f on a considerable sdhle ; Rthium is often •introduced 
intt) jjjedicine asl;he carbonate^ whilst the salicylatg and ^e acetyl- 
salicyVite arc also produce^, especially on the Continent, fox' medical 
purposes. 

Lithium hydroxide is'empJoyed in the nickel Accumulator, whilst 
lithium comjiounds have a limited use in the manufacture of certain 
glasses and glazes, ‘their apparent function being to reduce th® 
viscosity. * ^ 
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Th5 Metal 

Sodium rcserables^lithiimi in physical properties. It^s a white 
metal jDOSsessing a silvery lustre, but tarnishes ver^ readily in 
oi^inary air. It is lighter than water, although* distinctly heavier 
than litTiium ; the specific gravity is 0-971 . dt is very s^*ft and can 
readily be pressed into the form of wire or ribbon by extrusion 
through an orifice at the*ordinary temperature. It becomes softer 
still as the tempeiature rises, and melts at 97° C. , 

The metal boils at 877*5°. When light is^allowed to pass through 
h long oolumn of sodium vapour, it Emerges slightly bluish in 
colour.^ On the other hand, when sodium vapour is itself heated, 
it emitJ; yellow light, of wave-lengths 5,89(J X 10"® cm. and 5,890 X 
10“®cm.,' corresponding to the so-called D-line (or D-pair) of the 
solar spectrujii.* The yellow colour produced when traces d! a 
sodiuft^ compound are introduced into a non-luminous flam^ is due 
to this cause. ^ It is interesting to note that, at temperatures far 
belfiW those at ^^lich it normally becomes luminoufi^ the vapour, 
wluMi ex]>o/5ed to an intense light coming from a flame containing 
sodium, sh^iws^i yellow fluorescence, emitting light of the character- 
istic wave-lengths by “ resonance.*' Moreover, if the “ exciting 
light ” contains one line (Tf ihe pair only, consisting entirely of 
wave-length 5,89(5 X 10“”^cm., the Mght given off by the vapour 
consists of this wave-length only, the Ikic cor^e£f)onding# 

to 5,896 x‘'i0"'’cm., li^dng entirel}^ al)<».cnt.2 When exjjosed to 
white light, sodium vapour *also gives off ra^s of njany other wave- 
lengths, and the resfiltant fluorescence is green. • 

Sodium is mo#e reactiye Hian lithium. ^ It evolves hydrogc»i 
witfi considerable ^olence when brought -into contact with water,* 
sodium JiJdrAxide being forced. A fragment of sodium floating 
on the surface of water is caused to dart about owing to i^e genera- 
tion^f the hydrogen bhbbles, and so the heat evolvo(f is distybuted 
over the wiffceft But, if the m*otionT)f the fragment b^ imjjeded, th«« 
temperature becomes locally so4iigh that the hycRrogen catches^re. 

^ H. E, B4)8COe huu tx. ouiiuai/or, j. ruv. jLiuy. ^uv. ^2 (187t),^65. 

* R. W Wood, PhU. Mag. 10 (1905), 513 : R. W. ^Afood and L.JDunovef, 
Phil. Mag. 27 (1914), 1018, 1025. * 
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Sodium *s rosftlily %xidize({if cx^seS\o damp air. When heated, 
it burns fea^iJy witii a yello\4 flame forpjmg*a mjxtlre of bxides. 

Laboratory TPre|aration. the metal can be made from its 
co(mpo#inds in more than one way. Pt cvm hS prepareii from the 
hydroxide bv heating it with*^arboi|, h\}^>, since the jpefiction is 
Ipghfy endotnormic, a high temperature is nheded for tl^e reduction. 
A Aoro convenient means ot supplying the (inctgy netded is pro- 
vided by the ele^trojytk; method. * For demonstrating the forma- 
tion on a snuali scalg, the original method Employed in 180? by 
Pavy, the^discovj^rer of sodium, can be ad[?j:)ted. A small stick 
of damp sodium hydroxide is placed in a platinum dish joined to the* 
negative pole of a 100 volt main. A platinum wire joined ^('throilgh 
a (use) totthe positive wire of the main is used as anode, and is 
brought into contact with the upper part of the stick, ^rhe sodium 
hydroxide melts, and after a short time globules of sodium appear 
oii the dish cathode. If it is desired to preptire sodium in the 
laboratory on any considerable scale, it is best to imitate as closely 
as possible the technical method, described in the technical section. 

It is clearly impossible to deposit raeWillic sodium olectrolytically 
from aqueous solution.* If, however, a concentrated sc^Kition of 
sodium hydroxide is electrolysed with a mercury cathode, a sodium-, 
mercury alloy (sixlium amalgam) is obtained. Halving prepared 
the amalgam, it is possible to drive off the mercury by disCfllation 
in an atmosphere of petroleum, metallic sodium being tlius obtained. 
Sodium amalgam is further described below. 

Coripounds 

Sodium hydroxide, NaOH, is* formed wl^en sodium reacts 
with water. On evaporating ^the soluti(pi, the fused hydroxide is 
'left, artd^soliditk's on cooling. It can be Witained from sodium 
carbom^e by action (ft calcium hydroxide (slaketf lime), which 
when mixed wkih a sodium carbonate solution, nroduees sodium 
hydroxide add calcium carlxmate 

, Na,CO, V Ca(01i)2 - 2Na()H 

The reaction depends upon the fact^hat calcium ca^rboiiate is less 
solubfo than calcium hydroxide. By filtering off the precipitate 
of ca|pium *carbojiate, a solution of sodium* hydroxide, still ^jiixed 
•with some sq^ium carbonate, is obl^ained. 

Xhe hydroxidcf, usually known*as “ caustic soda,” is a white 
solid, wjiich melts at C. Tt dpes not lose its water of com- 
bination or! heatiBg. On exposure to damp air, it reaefily takes up 
more*wt;tei;, becomjipt moist on the surface, and absorbing carbon 

i • * • • 
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cjjoxide, if present, also. It is ^ry {^liible bI water^ and evolves 
macli he!lt ^cm it •disjk)lves. The solution?, whioh i» strongly 
alkaline, also* readily absorbs caJbon dioxide^ Sodium hydroxide 
dissolves ♦m*alcohdi, ai>rl, for that reason, the material jyepare^ 
from S(fdjum carbonat^ can be pufified from any traces of^the cS-r- 
bonatc wh^ch may stiM remain mixed with it. Th^iVnpure (^ustic^ 
soda is e^ractec^ wjth alcohol, whicti dissolves the hydroxide but 
not the* carbonate, and a pure hydnoxijjie js obtained *upon 
* emporating tlie filtered solution. ^ , 

Sodium oxide, ^aoO, is the anhydride of JVaOH., but cannpt 
be made by heating the latter. Nor is it ])ossil)Ie to o])tain such 
a* strongly basic oxide by heating the nitrate or carbonate. It 
can be prepared, however, by the action of sodium oai the fused 
hydroxide. It is also formed by burning sodium in a limited supply 
of oxygen at a low tcm})erature, but usually, especially if the tem- 
peraturoi becomes unduly elevated, the peroxide is produced aiong 
.with it. As commonly prepared, it ^s c greyish substance, but 
when quite pure it is said to be white. Sodium oxide reacts .with 
great .violence with wate^, the hydroxide being formed. 

Soditim Salts. Sodium is unique among the metals in that the 
salts- -almost without exception — are readily soluble. They are 
mosil^ welf defined, colourless, crystalline bodies, and ^are con- 
veniei\tly obtained by the action of the respective acids upon sodium 

hydroxide, or, if preferred, sodium carbonate. 

" * ^ # 

Sodiiiiji chloride (common salt), ♦NaCl, forms colourless 
cubic ciy*;tal^ possessing cubic cleavage. Unlike lithium chloride, 
it is not visilriy deliquescent, wdieh pure, although it absor})S, from 
(lanq^uair, enough water wiuse a scfisible increase in weight. It 
is very soluble in Avater, 100 granvi of water dissolving .‘10 parts of 
salt ; the solubility is^ almost independent oj the teuiperaturg. 
When coifheijitrati'd ^lydrochlorie acicb is added to a solution of 
sodium chloride, the salt^s thrown out of solutij^)fi as a ^crystalline 
•precipitate; advafitage is taken of this ftict in thc» method of pre- 
paring sodium y^hloride /refy from im])urities, 

Sodium chloride is pracf^adly insolulJe in alcohol. 

Sodium nitrate, NaNOji is another v^ryfioluble salt of^sodium, 
(irystallizing in colourless rhombohedra. Unlike the* nitrates of 
tWheav^ metals, it*does not yield the oxide at* hig^ temperatures. 
It merely eVolves oxygen, when heated, leaving »the nitrite 

2 NaN 03 ** - 2NaNO^ -h (U. 

Sodium Aitrite (NaN02) is obtained in a puier state py trea^ng 
silver nitrite with sodium chloride p th^. filtrate froii the pre- 
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cipitated silver cWolide yidlds ^dium nitrite upon evaporation.. 
The^saltMs white, deliquescent and veiv soluble. VThe\solutions 
display both oxidizj(iig and red\icing properties, under difEerent 
fimum^^tances. 

Sodium sylphate, Na2S04, isi obtained t/hen sodiujn Viydroxide 
iSr neutralized ^ith sulphuri<j acid. If the solution produced be 
evaporated above 33° C., the anhydrous salt is'olfiainedfip rhombic 
crystals, isomorpkoua wfth silver sulphate ; if the. crystallization, 
takes plac^ beln\V 33° Q., the dccahydrate Nao^O4.10H2O is usually 
formed in qionoclinic crystals (Qlauhcys Salt). A glance at Fig. 1 
will show the reason for this. Below 33° C., the decahydrate, the 
solubility of which is shown by the curve AB, is less soluble khan tfie 
anhydrous .salt ; abov(^ 33'^ C., as shown by the curve CD, the 
anhydrous salt is the loss soluble, and will generally be deposited. 


Concentration, 



[t siuj^uu, iipvvevt'r, b(^* noticed that supersaturation of the 
solution readly oci;;urs. If a saturated solution of sodium sulphate 
be prepared at*a high temperature, it may be cooled in clean flask* 
(cftrefully covered ovci; to prevent ^ne admissioif of dust or a4'y 
ifuclei which would start 'the crystallisation of •K'a2SO4.10H2O) to 
quite Ipw temperatures * without the /commencement* of’ crystal- 
lization, although the concentration far exceeds the “ solubility 
limit ” ^f the Jeca|;iydratc. In fact even wheri, at a very low tem- 
perature, usually between 6° C. and — 13° C., spontarleous crystal- 
lizatign does set in*, it is not the ddqahydratc but a heptahydrate 
(Na 2804.7^30)^ which is ginerally* formed. The heptahydrate, the 
sombility linfits of ivhich *are shown by curve EF, is af all tem- 
peratures t more* soluble than the decahvdrate. and is therefore 
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always “ metastable,” and •can dmly tfe bbtained from •a solution 
distinctly^ •sup«fsaj:urated^with the 4bcah5^drat#. Crystals of the 
decahydrate, tvhen exposed to thA air, “ effloiipsce ; that is, they 
lose wat^? falling .to white powder consisting mainly of tjie 
anhydr(iius salt* * * , " 

When fwice the quantify of Wphuric acid n^^ded for^neu- 
tralization fs addc^ to sodium hydroxftle, sodium hydrogen sulpiiate 
or sodium bisulphate, NaHSU4, is obtained ; on heating the hitter 
•at^ 50 - 270 °, it "loses ivater, sodium pyrosulpliafe; ^SiS 20 ^, being 
produced. % • * 

Of the sulphites, sodium bisulphite, NaHSOg, fs obtained 
wten a caustic soda solution is saturated with sillphur dioxide. If 
an equ^ quantity of caustic soda to tliat (>riginally used be then 
added to the liquid, the normal sulphite, NaaSOs, is produced, 
and can be isolated in ptisms containing seven molecules of water 
by evaporation of»the solution. The solution, heated with sulphur, 
yields the important salt, sodium thiosulphate, Na^SaOs, which 
fnay be* obtained, on crystallization, In* transparent monoclinic 
crystals containing five molecules of water. The solution is fairly 
stable \dien neutral, but, on the additioi^ of acid, is decomposed, 
sulphur ‘being regenerated as a fine precipitate. Sodium thio- 
sulphate is a^rifducing agent, and reacts with iodine according to 
the etyiation 

• 2NaaSa()3 + lo - 2 Nal + 

a reaction .largely used in volumetric analysis for the estimation of 
iodine, aiifl, iv.directly, of other oxidizing agents. The product 
of oxidation, Vodiurn tetrathionafe (Na.S40fl), is of no special 
interest, and is j’arely isolatf*d, being somewhat unstable in the 
solid state. ^ • 

The two^sulphide^, Na,S and NaHS, are pi'^pared in^^olutioii* , 
in an analogous manner to the sul[>hiTt*s, sulphuretted Jiyf^'ogen 
ps being used instead of sulphur dioxide^ . 

Sodium*carbonate, Na2C03, is formed when a Boiling solution 
of^austic soda fh saturated ^ith carbon di^ixidc, and the solution 
crystallized.^ If tffb crystal^zation takes* place below 31 - 8 ° C., thb 
decahydrate {washing so(hi^, Na2C03,l()H.2(^, is formed i^ trans- 
parent crystals ; whilst on evaporation at high^ ter^eratures, a 
mojikohydrate Na.2CO3.H2O is the normal produq^. *Over ajaarrow 
range of l^erftperature (namely sVs to 36 ° C.J, ^ heptahydrate^’ 
NaaCOa.THgO, is the stable pBase, and it is not infrequently de- 
posited from supersaturated, solutions t^en outsic^ thi^e limi^ ; 
there are ^wo separate crystalline forms of this hydr&te. All the 
hydrates give anhydrous NaaCOg on heatih^ 
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feodium "cartwnata is, 'uiiike iithium carbonate, quite soluljfe 
in water* "fije solution ‘is t(!t some extqjit hydr^lylsd, aAd reacts 
alkaline to nearly al||. indicators for carlDonic acid ib only a weak 
acid, whilst caustic soda is a powerful alkali. 

* Sodivm bicarbonate, NaHCOg, is^ for^^ied when sq|dfum hy- 
‘droxjMe solut’iwi is saturated with carbon dioxide at t{^e ordinary 
temj^erature. The solution gives off carbon ^)ici.:ide when boiled, 
the ^normal carb9,na^e keing left ‘oehind, and the same change 
occurs if the saUci bicarbonate is heated. The bicarbonate, although* 
distinctly ‘alkaline^ to methyl orange, is vci^ nearly neutral to 
phenolphthalein. Jn fact, if the solution is cooled down to O'", 
so as to rpduce the hydrolysis, it is said to be absolutely^ iieutfal 
to that irujjcator. ♦ 

Sodium Phosphates. A large numbj^r of sodium phosphates 
are known. They are derived from the three phosphoric acids 
by* the replacement of dilTerent numbers of hydrogen atoms with 
sodium. » * , 

(1) The three orthophosphates, Na3P04, Na2HP04 and 
NaHoP04 are formed by the action of phosphoric acid on the 
requisite quantity of cilustic soda; various hydrates aro 'known. 
The; '‘common sodium phosphate'' is Na 2 HP() 4 . 1 ?H 20 , and can 
readily be obtained in large monoclinic crystals ; the solution ^las an 
alkaline reaction, for phosphoric acid is but a weak acid, kll the 
sodium orthophosphates give a yellow precipitate with silyer 
nitrate ; they^ire all frc^^ly soluble in water, in cohtrast to those of 
lithium, and of most of the heavier metals. 

(2) Sodium pyrophosphate,, Na4P.207, is formet] when common 

sodium phosphate is heated. , 

2 Na.>HP 04 = 4 ,Na 4 PA + H.O.* 

Jt is soli'bje in w^ter, the solution giving^a precipitate with 

silver nitrati*. « •> « . * 

( 8 )* Sodium Irtetaphosphate, NaPO^, is formed by strongly 
heating sodium dihydrogen orthophosphate ' 

« NaH..P04 = Naif), + H ,0 

or sodium ammonium hydrogen phoVphate (microcqsmic salt) 

• * NaNH4HPb4 - NaPOa + NH 3 + H^O. 

Very n^ny forms—prepared under dilTerent ennditions — have fefen 
described,^ anjl various formulae such as NaPO^, *(NaP03)2, 
(Nali03)3,4 (NaP03*;4 and (NaPOa),, k^^-ve been assigned to them by 
• ► 

• G. Tanfm(\iirH Zeitsch. Phys. Chem. 6 (IS90), 122 ; G. von Knq»’re, Zeitsch. 
Attorg. Chem. 24 (19^(0), 3(59 ; F. Warschauer, Zeitsch. Anorg. Chem. 36 
(1903), Ui. 
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d^erent investigators, often orfp verj slendef evidence. There 
seems vdty litijie doubt, however^ bi^l that sofile of^ihe different 
forms described are distinct chemf^^al individui^ls, differing amohgst 
themselves regards solubility and the conductivity of the sol^i- 
tions. But the*^ question is com^iieated by the possibility that 
many of fflie forms des-oribed are solid solutions, ai^' probalTy in 
some caseij^* contjyn pyi’ophosphates^or orthophosphates; some 
of the forms described may bca partially ^le vitrified glasses. The 
Vhsle experimental -vork requirc^s to be repeated, .'a^^id the results 
ought then to be reviewed afresh in the light’ of modern knowledge 
regarding the character of crystals and of solutions. 

podium borate. Although boron trioxide is but a feebly 
acidic o^ide, it is very non-volatile. In eon sequinice it is possible 
to convert almost any sodium salt to a })orate by lieating with 
l)()ron ti'ioxide at a siillioicntly high temperature. Even sodium 
sulphate when heated with boron trioxidi^ at a very high tem- 
perature ^oses sulphur trioxide, sodium borate being left. The 
borates are more conveniently preparetl l)y aiding upon sodium 
hydroxide solution with boric acid or by fusing the hydroxide with 
boron Ti’ioxide. The best-known member. of the group is borax, 
Na2B407, w^ich may be obtained by crystallization from solutions 
below 60° iri^tr^insparent monoclinic prisms containing ten mole- 
cules ftj water ; at highei’ temperatures, a pentahydrate is obtained. 
Solutions of borax are strongly alkaline, owing to hydrolysis. 
Anbvdrous borax is formed as a transparent glass w^nm om; of the 
hydrat es i§ heated ; the mass swells up in "a curious way while the 
water is hiding, given off, and finally settles down to form molten 
anhydrous borak. This has a powo' of dissolving the oxides of the 
heavier metals, small traces' of whicli are capable of giving a marked 
colour to the gUiss ; it is sometimos stated that the oxides exist 
as colloid particles in the borax, but probably, uj most ease's, the 
colour may*b(‘ regaT’ded as due to the presenc(‘ of a borate of the 
metal added. ' ^ ^ v 

Sodium silicates are formed by fusing caustic soda with .silica. 
C(#npounds such" as Na4Si04,'’ NaoSiOj, ai‘d NaokSigOs have belii 
described^, and sohie at Icas^^ of these caii be produced as definite 
crystals of uniform composithn ; but many uf the so-called “ sili- 
cates ” described by different observers are glassy passes, the com- 
position of which is only determined by the proportions ir, which 
the ingreSieffts are melted together. The solut*ions are mucli" 
hydrolysed, and react . strong] alkaline; when concentrated the 
solutions are thick, viscous liquids. Tho solubility^falls^off as tlie- 
silica-content increases. The silicates of sodium rich'^in silica will 
be further discussed in the technical section vdealing withfy glass.” 
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PrbduAs of the.Actfon of Ohlo^^Ke on Sodium Hydroxit^. 

When cljlorii^e is ^ssed^intc/.a well-coolyd solution fof caViStic soda, 
it i^ absorbed, ‘witljj the formaAon of Sodium hypbchlorite and 
chloride . f • 

• / • CI2 + 2 NaOH - %Ci + NaClO + 

• € i • 

If tlAi tempef^tiire of the soi^ition is raised" the hypoctlorite itself 
(fecAmposes, forming sodium chlorate 

, • 3 NaCtO = 2 NaCl + NaClO,,. 

If crystallized sodium chlorate be heated cauliously just above its 
melting-poftit, it becomes converted to a mixture of perchlorate 
and chloride 

4NaC103 = 3NaC104 + NaCl 

and finally on stronger heating of the perchlorate, the latter 
evolves oxygen and leaves sodium chloride alone 
* NaC104 - NaCl + 20 ,. 

It ought to be pointed oht that, as a matter of fact, other simul- 
taneous changes occur along with those expressed by the simple 
equations given. ^ For jnstance, when sodium chlorate is/icated, 
a certain amount of oxygen, as well as perchlorate, is always 
prc^uced ; and when the perchlorate is heated ^ome chlorate is 
regenerated along with the oxygen. 4/ 

As was pointed out in the section on Free Energy (Vol. I, page 
87 ), each step^of the change ^ * 


Chlorine 1 

Hypochlorite 

I" Chlorate 

('Perchlorate 

Oxygen 

and — 

1 and - 

1 g-.nd -> 

1 and 

* and 

Alkali 

1 Chloride 

^Chloride 

• 

\ Chloride 

Chloride 


involves a transformation of an unstable substance into a more 
^table s^ibstance. The stability of the bodil^|. increases, and the 
^ oxidizing energy of the btdies diminishes, ^ai^ we pasl^ along the 
series* {?odium^ljypochlorite retains milch of the oxidizing energy 
present in chWrinc, and is a powerful oxidizef ; it is«]o unstable 
a% to be very dillicult to prepare ^n fhe solid* state. 2 Sodiym 
chlorate is a much less powerful oxidizer and ca^^ea^ily be obtained 
in solid form by the crystallization of'the solution, whilst the per- 
chlorate, although possessing the highest oxygen-content, has 
only the feeblest* oxidizing properties, and thA solid requires stjpng 
testing before^ decomposition takes *place. 

The formation af hypochlorites, •'chlorates and perchlorates is 

* ‘ 4 J. Scorn, ^ditsch. Phys. Chem. 44 (1953), 319. 

i For details of method for preparing sodium hypochlorite in crystalline 
form, sen’ll. P. A|iplebey^"2^ranj». Chem. Soc. 115 (1919), 1106. 
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further described in the s^^tion# de^otM" tt> the* tecBnolo^y of 
sodium «r>d pp^asgium. 

Almost the 6nly sparing^ soluble salt of sodium is'the dihydroxy- 
tartrate^'v^lfich is ^recipitaj;ed when a cold sodium salt solution is 
tirated^with a Saturated solution of potassium dihydroxytSrtrafi!. 

Peroxide. When ^wdium is burnt in air, hig!» 5 r oxide# are 
formed af^well the compound When the product is 

hCiiCcd in*exccss of air, the sole^jiroduct is»the pale yellow per(?xide 
*Nj^f)2. This substance is a powerful oxidizer. TFjie solution in 
water gives off oxygen gas slowly ; the solution in dildte hydro- 
eliloride consists largely of hydrogen peroxide and sodium chloride, 
a»d is more stable. ^ 

It is possible that a still higher oxide exists, b^ut its iden- 

tity is a little doubtful. 

Poly sulphides ^ are also known. Sulphur dissolves in an 
aqueous #;olution of sodium sulphide, yielding a yellowish liquid, 
^from which it is rather difficult to isqJaWj any solids of definite 
com])osi!ion. If, however, an alcoholic solution of sodium hydrogen 
sulphije (NaH8) be hoik'd with sulphur, hydrogen sulphide is 
evolved*,© and, after concentration of the Elution, it is possible to 
obtain a yello;^ crystalline crust having the composition Na^S4. 
It is vj^ry hygroscopic and dissolves in water producing a deep orange 
solutid!i. 

JVhen sulphur and sodium sulphide arc melted together, and 
allowed to solidffy, the mass produced consists of ^^oly sulphides. 
The curve* showing the connection between the composition of the 
mass and ^he* melting-point consisj^s of six portions, and appears 
to indicate the existence of the compounds 

*NaoS2, Na.Sg, Naj84 and NaoSj. 

The maxim;i in tne*mclttng-point curvt^ correspo^iding tft tlie com-' 
pounds of conIposition*Na^2 NaoS4 is extremely welk marked, 
but the existence c^f NaoSa and Na-^S^ is tnore doubtful. 

A solid fiydri^e of sodiui^ is knowm having the composition 
It is obtaiypd wh( 5 n a stream of Itydrogen is passed over 
sodium heated to about 350 ? C. ; a white fume consisting of the 
finely divided hydride is earned away by the*gas-streai^i. Retails 
of the method of preparation must be sought elsewh^rc.^ 

Sodium Amalgam. When sRdium is added to mercury, iji^ 
dissolves, great heat being evolved. After a certain amount has 

• 

^ A. Rule and tr. S. Thomas, Chenu Soc. 105 (i914),*177 ; 111’ 

(1917). 1063. • 

* F. Ephraim and E. Michel, Helv. Chim. Acto,*4^(1921> 762. 

M.O.— VOL. n. 
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been# added tlje njerctiiy ^)ecoi|^s ^licous, and finally an alloy 
which is sc^id at «^rdinary teniperatures is^ formec^. Iq ^he sohd 
amajgams vaHo,>is ih^ermetallic aompouiiis are belieVed to exist : — 

, Nailg,, NaHg^, NaHg, NajHgj, Ma.Hgj, NaalSg - 

^ 6ne of those, NaHg 2 , has a inaxim’im ^rcezing-point- at about 
far above that of eithe; pure metal. ' Our belief rin the exis- 
tence of these compounds depends mainly on the sliape of the 
freezing-point ci^r^^e i4 the alloys ; it is extremely di^cult to isolate 
the compounds in a p,urc state. ^ 

« As stated above, it is also possible to produce a dilute sodium 
amalgam by electrolysing the aqueous solution of a sodium salt 
with a mercury cathode. Partly because the cathodic potential 
required to produce sodium amalgam is less negative than that 
required to produce pure sodium, and partly because of the higli 
overpotential of mercury, very little current is wasted in the 
generation of hydrogen. Thus whilst the production cf sodium 
itself in aqueous solution would be impossible, the production of 
the amalgam, proceeds at high current efficiency. 

For the same reasons dilute sodium iimalgam is a much more 
stable substance than sodium itself and does not evolve l.ydrogen 
rea.dily when brought into contact with water. The decom- 
position of water by the dilute amalgam is greatly aid^^d by contact 
with a substance like iron or carbon liaving a low hydrogen-over- 
potential. A short-circuit cell of the type 

Hg containing Na | water | iron (or carlion), ^ 

is set up, the sodium entering the ionic state and causing the pro- 
duction of hydrogen gas at the iron or carbon. 

Dilute sodium amalgam is useful as a reducing agent in organic 
chemistry, its action being milder and better capable of control 
/.-han thift of pure sodium. 

Ammcmia Gompounds of Sodiurr. very intferesting com- 
pounds are formed by Fie action of ammonia on metallic sodium 
Sodium dissolves in liquid ammonia gi'dng a blue solution, although, 
if the metal is present an sufficient quantity, a^bronze-red tinge is 
observed by reflected light. A similar solution is obtained when 
sodium . is treated with gaseous ammonia under pressure ‘at low 
temperatures, *.If the pressure is afterwards reduced, so as to 
allow tke excess oh^ ammonia to escape, a crystalline solid , 2 wi^ a 
f6d lustre surptesi^ig that of copper, is left behind ; this has the 
eompositioii NaNHg. When preserved at ordinary temperatures, 

1 A. SdhOiler, ^^eitsch. Anorg. Chem. 40 (1904), 385. " 

Joanpis, Ann^ Chim. Phys. 7 (1906), 5. 
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it^ends to give off hydrogen, sodaifiide,?^akHf,*jjeirfg behind ; 

but at lotv^ teir|)eiatures, ^fuch a,^ —^0° C., ivdcco«i poses in a 
different way, 'ammonia being evolved, and "letaflic podium "re- 
generated’?^ ' * • I . 

' Whilst^at low temperatures, amiijonia yields the additiv^ com-* 
pound just described, at Iffgher *tei^pcratiires amBfonia retets 
with sodiun^ yieldijig^ sodamide and hydrogen. When sodium* is 
heated in A current of <|ry aniAionia at iJ00°-400'', a liquid* is 
fftrn^'d which, as lonf as free sodium remains, is Iffi^ ; when all 
•the sodium has been acted upon, the blue colour vanishes," and the 
liquid on cooling hardens to solid sodamide. Sodamide (]^aNH 2 ) is 
col(^urless when pure, melts at 210° C., and volatilizes at 400°; 
the molteii substance dissolves sodium metal, giving a blue solution. 
.Sodamide reacts with water somewhat violently, yielding ammonia 
and sodium hydroxide.^ • 


Analytical 

The presence of small traces of sodium in a substance can be 
detected through the yellow colour whhdi is^imparted to a Bunsen 
Ijamc. Wher>thcUight from a flame containing sodium is examine^ 
by means of a^i ordinary spectroscope, a bright line in the yellow 
region (*iA‘ally a pair of lines very close together) is seen. Sodium 
])roduces no other lines in the visible portion of the spectrum. 
On accouiif of its ^ monochromatic ” character, the yetlow sodium 
Marne is invisible when viewed through cobalt blue glass. 

Owing toMhe*high solubility of the salts, there arc few “pre- 
cipitation tests ’’ for sodium. However, when a solution of di- 
liydroxytartaric aqjid, neutralized with ammonia, is added to a 
solution containing sodium ^ it yields if white crystalline precipitate 
of sodium diliydroxytartaate on stirring.- A trystalliiie* pre- 
cipitate is also kirmed t<?i tlje addition ol potassiuiq antiiigonhite 
and a method of estimation depending on thii^fact has been worked 
ouf.^ Gencriiftly speaking, however, it is best to effiict* the separa- 
tion 4 ff sodium from* other metals by the precipitation of the latter. 
The metals of all th?? groups, ^ther than ?a, can be precipitated 
either as insolutilc sulphides, hydroxides, carbon Ates or phosphates. 
After this, potassium cai^ be separated by liydroplatiyic aj;id, in the 
preseiice of alcohol, as the sparingly^ soluble platiiiichforide. iThe 
iiltrate contains" the sodium, and the excess of hydrojMatinic acid ; 

j ^ A method of obtaining sodamiwo m u, stui-e-oi purii-y m ueuetioeu m 
[detail by L. \V^)hlor, Zeitsch. Elektrochem. 24 (1918), 201* 

“ H. J. H. Fenton, Trans. Chem. Soc. 67 (1895), 4Ji. 

® H. WehHr A-nni ntt07j^ 513. 
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but the latter is gafeily decbmpdied if the filtrate is evaporated fj^nd 
the rei^due* heated, in hydrogep. Afttf^ extracFticiCi of*tfie residue 
with water, followc/d by filtration, platinum is left* as a black, in- 
solul^^e substance, whilst sodium remairtJ in®the filtJrakv 

When other metals have bcip rempved^ the socliiim is tonverted 
^,to Vhloride ‘or sulphate antj. weighed as aie of these salts. Some 
care is needed, as both substances absorb mojstpre at %very appre- 
ciaW rate fro^ji IJie'air. The ‘chloride is moreovef distinctly 
volatile at advd hc^t ; and precautions mdst be observed ni^t lo 
ignite it ^t too ^ligh a temperature. It is o’iten preferable, there- * 
fore, to evaporate with sulphuric acid and weigh as the sulphate 
(NaoSO^). in this latter method, ignition at a ratlier high tr3m- 
perature <is needed tV) eliminate all excess of sulphuric acid. The 
addition of ammonium carbonate to the crucible is sometimes 
recommended to aid the expulsion of the acid, 
r When sodium lias been isolated as sodium chloride, it^s possible, 
instead of drying an^ weighing the chloride, to determine the 
amount of chlorine present in the solution by titration With silver 
nitrate. From the result, it is easy to calculate the quantity of 
sodium. 


Terrestrial Occurrence 

Sodium is one of tlie most abundant elements that occur in the 
earth. The masses of molten silicate rock-magma which Ji^tve, 
from time to time, bepn pushed up from the interior of the world 
into the crust, contain a considerable amount of sodjum, which* 
has tended to crystallize out such complex silicates as 

Albite, or soda-felspar . *NAALSi;jOH i 
Other plagioclase felsparv . ;rNaALSi 3()8 ^ ?/CaAl2KSia08. 
Soda-1:)e^i’ing ncinerals arii not eonlimid to.- one type of igneous 
rocj^s, Jbut ajje found in granites, syenite%s,«diorites* and gabbros. 
Moreover, many othej minerals occurring in all types of igneous 
rocks contain small quantities of sodium. ^One cliiss of ignebus 
rock, known as the ajkalim rocks j which are pedViliarly rich in ^Ikali 
metals, are generally met with whvre an inft^'usion has come into 
contact with a ba^ic Country rock ake limestone. *It is. probable, 
that interaction between the magma and the limestone has occurred 
at tfcese points,, and that the proportion of silica to bases hag been 
reduced in tke magma. ^ Thus, in cases where — but for the inter- 
action ®f the limestone^ — the magma would have yielded, in the 

• * * • * 

^ R. A. Dafy, “ Jgneous Rocks and their Origin ” (McGraii’-Hill) ; R. A. 
Daly, .f , (?eoZ. (1918^ 97 ; W. G. Foye, Amer. J. Sci. 40 (1915), 413 ; F. D. 
AdamaTand A. E. Barlow, Catiadian Geol^ Surv., Mem. 6 (1910), 227. 
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lalfc stages of o^solidation, a highly, acid roc^ like •granite or 
pegmatite (containing fre(f quartz^ and highhj siliceous minesals 
such as fe^span), it actually yields a “ nepheline-syenite ”■ containing 
, minerals ^oor in ,iiiica ana rich in alkali, such as 

^ Nopheline |5ja^K],A],Si,0 

34 - 

By the gTition of Air and winter on igneous rocks — an ac^on 
'which is aided hy cgy'bonic acid and organic* acids derived from 
» vegetation — sodium yasses into the soil. Ail watcl* which has 
passed through or over sodium-bearing rocks oomes to contain 
sodium ; thus sodium is a constituent of practically all river waters, 
an(f, in this way, is carried down into the sea. Unlike caloium and 
many of the other elements brought in solution into th(f sea, it is 
not utilized, to any exte^it, in the formation of the hard parts 
of marine creatures, but tends rather to accumulate, as sodium 
chloride, iif the water. At the present time, ordinary sea-wati?r 
contai?is, pn the average, 2*7 per cent. # 0 ^ sodium chloride, out 
of a total 3 ‘5 per cent, of dissolved solids ; near the months of rivers 
the conoient ration is naturally less. Where, owing to earth-move- 
ments or cAher causes, a portion of the sea gexs cut off from the rest, 
and rapid evaporation sets in so that th(^ volume of the wat'M’ 
steadil}^^ dirniiftshcs, the concentration of the sodium chjoride 
increases very much. In this way, salt lakes, such as the 8alt 
Lak« of Utah ot the Dead Sea in Palestine, arc produced. The 
heavy w'atcrs of tTiie latter contain about ])er cent, of sodium 
chloride, the tytal solids amounting to 22 per cent. When the 
evaporation of sjieh lakes has procccMlcd to a sudicient extent, the 
solution becomes supersaturiited, and solid salt is deposited.^ 

Undoubtedly tlAi important depojjts of 

Rock 8%lt NaCi 

which occur in Vlifferenf parts of the world were formed •by •the 
ev 4 iiporation of salt la^kes in past geological ages. * TJie salt-beds 
of Cheshire (Engla^id) and of ^tassfurt (Cermany) both occur in 
stra'^a of the Triasf^>Permiaij age, an age ^lu^ing which — as is 
known from iedependent evitUmce dry, desert conditions existed 
over the ’northern part of Europe. Rock salt, formed wo dt)ubt 
in a similar way, occi*rs in all parts of the work!.# important 
deposits arci mjpt with in the Carjmthians, the Alps, in FrefUce, 
Spain, New York State, Califorrqa, Kansas, Louiiiana, and many 
other localities. The salt is natuiially not pure sodium Chloride, 
but contain?^ also other soluble t?alts (such as calcium fjulphtite and 

^ The figures quoted in this paragraph are based eftj Jf. OsiTs “ ChWfiische 
Technologie ” (Janecke). 
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magnei^jum chlorf^ie) -v^hich were present jn t^^cf jvatej «before fts 
evaporation ; it is jisually coloured yelfow or reddish-brown owing 
to the presence of a little iron oxide., 

. In a few cases, other sodium salts occur in larg« deposil^^, formed 
' by dbe evaporation of lakes, 'usually sitj^ated in desert regions. 
***"In« Egypt, and also in Wyoming (U.8.A.), the carboifate is found 
in (he following forms ‘ ' 

^ f r* ^ 

• Natron . . NaaCOa.Hjf) 

, Trqna . . Na2CO3.2NaHCOa.3H2O 

Both substances’ constitute a valuable natural source of alkali. 

In thd arid region^ of Chili, vast quantities of the nitrste 

r 

Chili saltpeter . . . NaNOa 

are met with. It is probably of organic origin, but many different 
efiplanations have been suggested to account for its existence in 
the present position, rlt seems likely that the mode of origin is as 
follows.^ The large amount of water flowing from the Andes into 
the Pacific Ocean does not flow on tb<^ surface, but flows ^through 
underground courses b< low the Pampas. The soil is highly porous, 
and much evaporation occurs as it flows towards the .sea. Now all 
waters in tropical lands contain nitrates, but the 8 outh American 
waters are particularly rich in them, probably owing to the ^presence 
of birds’ deposits (guano). Hence the evaporation proceeding 
through thd porous soil finally renders the water supersaturated 
with sodium nitrate, and the solid nitrate is left in the gravel a few 
feet below the surface, mixed with other sodiurh salfs, notably 
the chloride, sulphate, and a tra(*e of iodatc. * Another theory 
ascribes the ultimate origin of the nitrates to amr)ionium compounds 
given off in the vaporous staoe from the volcanoes of the Andes. 2 
These^bo?ome oxidized, it is thought, to-nitr? tes. 

l^ina)Iy, c^Ytain lakes,* notably the Bf^rax Lake of California, 
contain, in addition |o other sodium salts, sodium borate. The 
boron appeals to have been derived from thermal fVprings. The 
^incrustations of solid Lorax and othTr sodium compounds which are 
found in various parts of Califorilja and I?l 3 vada are evidently 
derived by the evapot'ation of such' waters. 

Various borqtes containing both sodium and calcium, such as 

Ulexite . . NaCaBjOa-SHoO 

occur in very large quantities boyi in California and also in South 
America* (Chili, Peru and Bolivia h Crude borax also occurs in 
many dthor Jmrt^ of the world, for instance in ThibeLyfrom which 

T. ti' B* Miller, Econ. Choi. 11 (1916), 103. 

* W. L. Whitehead, Econ' Oeol. 15 (1920), 187. 



SODIUM 


• 23 

cTiuntry * considerable ^proportion of crude»borarf (“ TiAkal ”) used 
to come. Of •course, the* comme^’cial value ^f aU such deposits 
rests upr^jj boror\ coi^tent rather than on the sodium. 

lECHNOLOGY AND USES 

% 

^’nausirtea based uj^on Sodium Chloride 

IJock-salt arfd sea*salt may be regarded as^ the prime sources of 
most sodium compounds. 

The production of salt by the evaporation of sl5a-watdr is carried 
or^ in many countries. Around the Mediterrarlean, and notably 
near th? mouth of the Rhone, as well as in Italy and Sicify, advan- 
tage is taken of the heat of the sun to evaporate the s?a- water in 
shallow “ pans.” 8uch if process is only profitable in hot countries. 
It is interesting to note that the concentration of sea-water is also 
carried on in very cold regions, for instance the North of Russia, 
^ho watet’ being separated as ice by freezing. 

lu the majority of counties, however, rock-salt is utilized. Where 
the salT.occurs near the surface, it can be f^ug out by miners in the 
solid stale. ^ Where the layer of salt is far below the surface, a 
bore-hole is j^eiferally sunk to the necessary depth, and pumpfhg 
machfiery installed. Very often the well fills of its own* accord 
with water, which, having found its way through the rock-salt 
befl, i'^ saturated, with the salt ; in such a ease it is <^ly necessary 
to pump Qut the brine. If the well, however, does not keep full 
of liquid,* jt ntay be necessary to pumj) down water into the salt- 
bed periodically and after allowing^irae for it to become saturated, 
to pump it up again as brific.I 

The evaporation of the brine - iii carried out in many different 
ways, some of theip •being very primitive. J^viy^oration yi open,^ 
shallow pans is stili vt^'ry common in (Cheshire, the pans being of 
wrought iron, supported oif brickwork, and heatec^directl/ by*a fire 
^eIow. Tig) salt as It sohdilies is drawn to the side with a perforated 
slipvel or skimmw. 

In many saltjfeoiling establishments, 'however, triple-effect 
evaporators ‘have been insfallcd, which ,allc;w of a considerable 
economy in fuel. In such evaporators, the brine is bvajtorated 
under reduced pressure ; the boiling-point of any* solution is of 
course lo\ferod by reducing the pressure. The principle of a trip^e^ 
effect evaporator is showm in Jig. 2. There arif three evanorating 

^ See G- Martin, " Industriar Chemistry ” (Crosby LcSck^oc^), Secti^ 
XXII. • 

* A. F. Calvert, “ Salt in Cheshire ” (Spon). See alsotfi'ngr. J. 92 

(1911), 633. “ * 
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vessels, A, B and Q.. the press^ure being highest in A and l 9 vest in 
The^liqdid in* A, is rabed to the bibiling-paint,* by mcl^is of hot gases 
or steam passing through the heater H, and commences^toi- evaporate. 
Tiie slr^am thus produced in A passes but^nto* the, heater^ K of the 
, next vtssel B, and is still hot eAough to keep the brine i* fe at the 
,*«J^oiJmg-point ‘corresponding (to the lower pressure. •The steam 
produced by the boiling of the liquid in B passec into thp heater L 
of the vessel C, .and cauSes evaporation of the Jbrine. here also ; tho» 
pressure in this' last evaporator is kept veryjow by means of* an 
/exhaust pump. 

The salt which,, is precipitated in A, B and 0 as evaporation 





Fio. 2. — Triple lilvaporator. ^ 


* proceeds einks t(i the bottom and colleets ih the salt-boxes S ; 
perio/licqjly thq salt- boxes are shut off from l^ie bvaporators, and the 
solid salt is discharged, Brine is run into the evaporators con^- 
tinuously to *maintain the volume ^constant ; the b/fne usually 
f^DWS through the three vessels in turn, losing water by evaporatLn 
knd salt by deposition in each “ effect ” In aii evaporating plant 
of this kind the heat provided by the' fuel is utilized to the fullest 
advantage, ^ 

Thf^ salt obtained by the direct evaporation of brine contains 
''1-2 per cent, of calcium sulphate, and a certain amount of mag- 
nesium chloride. This latter compound renders the salt un- 
■ fittractivo for “ table usd,” since the- magnesium chloride absorbs 
moisture and causes the small grains to stick together, thus pro- 
ducing lumpl}.” In' one form of “table salt” this difficulty 
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i» overccjpie by, the addition ot ^calcium, ph^phato ^bon© ash). 

Where the tytlndis t5*bq^evaport,ted*in a tri|ft3 e:^ect evaporator, 
it is preferaWe to carry out purification before the evaporation ; 
otherwise crusts^ of "calcium* sulphate may be formed witl^ the 
plant, camming obstructi^i. One method of purifying the brine is to 
treat it with lime, which precipitates magnesium as riie hydro^cid(^ 
and then \rith am^iQnium carbonate which throws down the cal- 
j"ium as insohible cjilcium carl*onate. A ft other, method whi(5i is 
uscti in Cheshire is t^ electrolyse a small part.of te •brine, so as to 
produce sodium hydroxide. This is added to thp main^art of thQ 
brine, and the whole is treated with carbon ^ioxide gas ; the 
ccflciuniba^iid magnesium arc thus precipitated as carbonates. 

Salt is used in considerable quantities in food presei^ation and 
in cookery, but a large proportion of the sodium chloride produced 
is consumed in the manufacture of other chemicals containing either 
sodium or chlorine. • 

Manufacture of Sodium Garbonale.^ The most important 
process by which sodium carbonate and bicarbonate .are now pre- 
pared ^rom the chloride was first successfully vnrkcd by Solvay 
in Franch and Belgium. It has been greatly developed by Messrs. 
Brunner, ]Vlhnd*& Co., who successfully work the process in the 
Chesh^e salt-fields. , 

It is essentially a precipitation process. When a concentrated 
solution of sodium chloride is treated with excess of ammonium 
bicarbonate, sodmm bicarbonate, which is considerably less soluble 
than tho.othpr salts, is thrown down as a crystalline precipitate, 
whilst ammonivim chloride remain^in the solution 

(NH^)HC03 + NaCl = NaHCOa -f NH^Cl. 

In actual practieg, instead of "using ammonium bicarbonate 
as such, the brine i.f fii’st*saturated with ammonia, and theA — after? 
the removal of an;f iihpufities thrown down by ammoTiia-»-it is 
^eated with carboy dioxide. 2 The fine j^icarboTiate crystals are 
then separated f>om the mot^^er liquor, pn^ssed and*dried ; if the 
nm^'mal carbonate jNa^CO.,) is required, it»is easily obtained bj^ 
igniting tjio, bicarbonate 

• 2 NaHC 03 -Na.,C 03 + H,() + COo. 

The ammonium chforide solution which forms the*nfother ^quor 
must on I 10 •account be w^asted. * It is heated wj,th lime, whey, 

^ G. Lunge, "Sulphuric Acid and* Alkali” (Gurney and JaSkson)*; G. 
Martin, " Industrial Chemistry ” (Crosby Lockwood), Sect. ^7 (by^. Smith)i<* 
J. R. Partiftgton, " The Alkali Industry (Ballidre, Tindall ana Cox). , 

® According to W. Mason, Chem. ZeAt. 38 (1914)^ 513, sodium cf T^iOnate is 
first precipitated and convorted«at a later itage to ^bicarbonate. 
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ammonia |as dii^tils off a/id Is used to satum^e nv»o brin§. 

. * Ca'(OH),'f 2NH/1 =*CaC4 \ SNh/+ 2H,0. 

Thus the ammonia can bo used over a#id c^/er again^ ^nd upon 
this fact depends the success of ^he prc^cess.^ Of course, ip {)ractice, 
♦ a srnafl fractjpn of the compound escapes* during each operation, 
'oulf by the gradual perfection of the plant eippjoyed, the loss has 
beeif reduced to a njinimum. In ‘fact the difference between thf 
successful anej Jinsucccssful working of the fiyocess is largely ide 
pendent On the proper conservation of the ammonia, and, no doubi 
lor this realion, very great secrecy regarding the details of the work- 
ing methods is observed by manufacturers. • 

The linie required for the regeneration of the ammonia is obtainec 
by burning limestone in kilns, and the carbon dioxide which is also 
generated in the lime-kilns is utilized fbr the jirecipitation of 
further portion of sodium bicarbonate. Thus starting wi^li sodiuir 
chloride and calcium carbonate (limestom^) as raw materials, w( 
end with sodium carl)onate and c.alcium chloride, which is usually 
allowed to r(in to waste. Tlu' essentiid steps of the process ar( 
shown diagram matically by a simplined “ How-sheet ” ^ImHow. 


BriiKf - 


Ammonia 

Saturating 

Plant 


Ammoniacal , , .• i ISafKX).* i Pans or 

(M)oiialing i> i j 

1 I Uotafy 


Brine 


Plant 


I Crystals I Furiiaco 


little 

CO. 


I - - -- NI[,C1 

NH, I Ammonia , K„|„iioji 


limestone 


C^al or 
Coke ^ 


Lime- 

Vilr# 


Recovery 
i Plant 

t 


► Packing 
House 


(’a Cl 2 
Soil! (ton 

. -> To waste 

M 


Ca(()H). 


Shaking 

JMant 


CaO 


•CO2 





SODIUM 


. 27 

* The^prjncip^ei of the process navipg rji^^en*(|/fecussc?i, it is now 
possible to describe *htoV it is •put* into p^acti(;p. * The sodium 
chloride^^ i«c(fuired is generally pumped from the salt mine as 
concenirated bnitie ; unfortunately, natural brine contains calcium 
and ma^iesium salts, •^hich are injurious to the process, as these, 
metals form carbonates far more insoluble than the bicarlfona^:p 
of sodiurp. Theji ifiust be separated from the solution, thei^fore, 

• before the pure scj^ium compound can Tbe^pracjpitated. Conse- 

quently, when theVbrine is saturated with •amm6i?ia g^as, a little 
carbon dioxide is introduced so as to form t^nough. ammonium 
carbonate to precipitate tlu^ highly insoluble carbonates of calcium 
a*nd mugnesium, but not in such a concentration as w^)uld cause 
the separation of any sodium bicarbonate. * » 

The treatment of the,* brine with ammonia gas (containing some 
(‘arbon dioxide) takes place in a simple tank A (Fig. 3). The 
ammonia dissolves readily enough, but as the concentration* in- 
creases there is a danger of some gas [^s.'»ing off, and so becoming 
lost. As this must be avoided, the gases leaving A a^'e not allowed 
to (‘seiipe directly into tlie^atmosphere, but are passed up the absorb- 
ing-colifmn B, down which a small portioi? of the brine passes on its 
way to th(T sat^irator A. The column B is so constructed that^^he 
briiK^fiows from one floor (X) to another l)y means of the overflow 
pipes Y,Y, but each floor is always flooded with brine, up to the 
l»vc1 of ih(‘ tdp of these pipes ; therefore the gases which pass up 
through the central openings Z,Z, must necessarily ifubble through 
a layer /)! liguid on each floor. In this way very complete absorp- 
tion of animama is brought aboiil^ 

When the liquid in A sulliciently saturated, it is pumped off 
through C, parsed through a filter placed at D (not shown), to 
separate the precipi^ate^>f calcium’ and magnesium carbonates, and 
is then cooled 1 ) 3 " passing through a )^ipe-coil E immersed in coKt 
Avat(T ; this booliiig iS ne^^ded because the solutio-i of an^mcinia, or 

* indeed of any gas* results in a great evoVdion cTf heat. The clear 
ammonia-satirrj^ted brine is^now ready for carbonation. 

The saturatioi^ with (farbon dioxide is ‘a less simple operation 
than thi^ saturation with i-immonia. The carbon dioxide must he 
forcctf through it in very small l)ubbles ;* since oi^ers^iso the 
intimate contact needed for the compkdc soliit-ioiT^ r^f the* gas will 
not be attained. The neutralization of carl)on liioxide by ammonia 
causes a great evolution of heat, but if the te^ipohaturo is allowt^ 
to rise too high, both carbo’n (Jioxide and ammonia gases will be 
lost by yolatifization. On the other hand, it mus|i npt Jbe too lc»«', 
or the precipitate of sodium bicarbonate wfll be inconveniently 
fine, and the separation trom the mother 'liquor *will b^ difficujt. 
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The best te»aperat||ii^e is^about 3u'' C. One form pf carbtjnator is 
shown at F ; «the carrion dioxide ,♦ obtainM fi'om fhe^l^me-kiln (and 
therefore necessarily diluted with nitrogen) is forc^d^in under 



considerable pressure at the bottom' I of a tower filled with the 
ajipmoniacgl brirje, and rise^j up through numerous sieves of slightly 
lenticular form, which keep the gas broken up in minute bubbles 
and thujlaid the complete absorption. The ammoniacal brine 
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^oes not enter at the top of thd*colufnn* sincft-in th^t ^;ase*much 
ammonia Voulli* bo off byjtho^gases. I venter^ the.tower at 

Q, and a^ jt* descends through the tower ueconles full of Small 
crystals of sodjjim* bicarbonate through the absorption of the 
carbon^ dioxide passing up\^ards. The cloudy liquid is drawn off 
from the bottom, and passes to a filter H. 

In order to pijevcnt the temperature in the utn uuiuiluj. tiuui 
rising aWlDve 30°, numerous horizontal ^o^in^ fitted 

within the tower, ^id through the pipes emd w'Ji^er passes con- 
tinuously. But since it is inevitable tha£ the nitrogen of the 
lime -kiln gas will carry of[ a certain quantity of' ammonia from the* 
t»p of^F, the gas is not allow^ed to pass directly away from the 
carbonator into the air, but is bubbled thrc'iigh another* portion of 
brine in an absorbing column G similar to B ; the small amount 
of brine used in this absorption flows into A. 

The fyrm of carbonating tower just described is the invention of 
»Solvay. In spite of certain disadvantages it is believed still to be 
in use at most works using the Solva^ process. It is, however, 
rather dilhcult to clean, ^nd crusts of sodium bicarbonate — with 
traces (.)f residual magnesium and caleirfu carbonates — are liable 
to form on, the sieves and to block the holes. It has become usual 
to employ jbwo earbonators in series. The liquid is partMly 
satuftited with carbon dioxide in one tower and tlie satUx‘»ation is 
completed in fhe second. Since the precipitation only takes place 
in the second tewer, the crusts arc only form(*d in thf^latter. When 
the cinsts have become sufficiently serious to obstruct the flow, 
the direction of the brine is altered so that it passes into the tower 
containing the* crusts first, and flito the clean tower afterwards. 


In this manner, the erusfs tire gradually dissolved away in the 
obstructed tower, whilst fresli crusts are })roduced in the tower 
previously clear. nWlnyi these become serious^ the cojur^e of th^^ 
liquid is cliapged agt^in. » 

The filter H, used to s'eparate the solid sodiipil earbdna^ from 
'the liquidii is usually of a continuous rotary type,» consisting of a 
jjerforated drurA coverei} wfth filter-cloth, half immersed in ^le 
liquid to be filled. Thj^ drum rotates continuously and the 
interior *is Connected to a sxiction pump.* T^e solid bicarbonate is 
retained on the outside of the filter cloth, and is sciViped off by 
knives at P as the cylinder rotates, whilst the clear s^^liltion is sucked 
through %hePcloth and passes to tlie “ ammonia recovery planl ” JJS^. 

This solution, as it enters ,tiie ammonia reedVery plant, contains 
ammonium chloride and a jittR) ammenium carbonate. Now the 
carbonafb can be decomposed merely by passing s^eaili trough the 
solution ; the steam will carry off ammonia and> carbc*» dioxide. 
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But the a?xnmofiia opcurlin^ as rhloi’iJle, requires to be liberate^ 
by the a^d oHirae^^calci’am hydr^oxide).^ 'J^be sojiftf^on iaflierefore 
pum*pcd up to the tfep of the tower JK and allowed to descend 
through it. ‘Steam is passed up through th^ liqvid from^ tlie*bottom. 
The liberation of the ammonia present as carbonati^ is accomplished 
♦ in th^ ipper jjart (J) of the tow^r ; milk oj lime is then ‘added at 
N, f^nd consequently in the lower portions K the ammonia origin- 
ally present as chloride i^s liberatedt also. * ^ < 

The ammonia 'gSs fSv'hich contains a little c{Cl)on tlioxide owyig ' 
to the arnmonuim carbonate present in the liqTior) passes back to 
the ammonia saturater A, and is uscil again to aid in the conversion 
of a further quantify of sodium chloride to bicarbonate. A certavi 
small amount will be lost on each circuit, and a small quantity of 
ammonia (As ammonium sulphate) has to be added occasional!}^ 
to the liquors in the tower JK to replenkdi that loss. The con- 
sumption of ammonium sulphate is, howev(‘iv -with modern methods 
of Vorking— only about 1 per cent, of the quantity of soda pro- 
duced. The hquor running off from the bottom of K consists of a 
solution of calcium chloride containing a little unchanged sodium 
chloride. 

The sodium bicarbonate is usually converted to normal carbonate 
b3^4ieating in a furnace, and the carbon dioxide then'evolved is also 
often u^.ii'?d at I. Since the ammonia is used over and over ygain, 
the raw materials of the complete process are really sodium chloride 
and calcium qarbonate, and the final products soflium carbonate 
and calcium chloride. Ibis, therefore, in a sense corn^ct tp) sum up 
th(‘ process as a whole thus, 

CaCO, + 2Na01 = Na.0()3 + CaCU, ‘ 

although this equation bikes no uneount of tlie faet tiiat niiieh of tlie 
carbon dioxide usc^l is ultimately produce^ b}? /he combustion of 
the coal, wliich must of necessity be burnt i,n the linje-kiln. The 
by-proQuei" of process is calcium chloride, for which there is 
very little demand. It \vill be observed that' the whale of the* 
chorine present in the rock-salt used to be found in the calciuqj 
chloride solution which emerges from M. This tffluent is for the 
most part wasted; il^ is .usually clarified by settling, ' to comply 
with the- reqViirements of the law, and the clear liquor is then run 
into the nearest river. 

^ Numerous attempts have been made to prevent the wststage of 
the chlorine contained in the rock-sqlt. This wastage does not 
occur in the old Leblanc process of 'maldng alkali — now practically 
olJsblete — or in ^che jiewer electrolytic methods. It coilstitutos, 
therefore,Wjhe grciat drawback to the Solvay process. Nevertheless, 
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in spite of a vast expenditurefftf tiq^e anu inDOur,to r^naer suc^ess- 
fifi a solulkipii ol the probl^, r\cii^ of ^he lubsioifary processes by 
which it has been propc^eu to convert the catcium ^loride into 
some us( f.ul^p^oduct J^av^come into general and permanent use. 

Of th(% producU* of the* ammonia-soda process^ sodium Wear-, 
bonate (I^aHCOg) is itftelf ifsed iiif the manufacture^of “ lTa]jing 
powder.'’ 'Ihe crude crystals oroduced upon the liJter H contiin 
too much ipiimonia%f(5r direct US 45 . They arc calcined to drivotolf 
liicse traces of ammcJiia, but, smee carbon 3io!^id(? h; partly (hiveii 
roll’ ^he same time,^the product must generiflly be decarbonated, 
'i'lie use of the bicarbonate in cooking depends upon the fact tliat ' 
it readily evolves carbon dioxide gas, and brings about tlie porosity 
of flie doiighy mass, which is thus caused to “ rise ” ; most baking 
powders also contain acid substajices, such as cream f.)f tartar, 
wliieli assist in the expuAsion of the carbon dioxide, (heain of 
tartar is especially suitable since it is n<‘arly insoluble in cold water, 
but dissolf es when warmed ; thus the gas is evolved graduallj/' 
as th(i dough is heated. Sodium bicarb#n^lte is also used in the 
manufacture of soda-water. 

The normal carbonate (VaoCOs) is prcpsired by mildly igniting 
the bicarbbnate in ovens, pans or rotary fui’iiaces ; the carbon 
dioxide whicfi is •given off is often used again in the carbonator.^ 
Altermi^vely tlie pasty mass of bicarbonate can be converted into 
tlie carbonate by treatment with steam, which carries off the cai’bon 
dioxide and an^ ammonia still present. ^ 

'The thrcct product from the calcining fprnaee eojisists of the 
anhydrous, soda ash, which represents a concentrated form for 
packing alkali, aiKl is tlierefore fav cured for export pur})oses ; an 
(‘ven denser variety of sodiinn.carbonate can be obtained by heating 
it more strongly. •The decahyckate, ^a.^CO^. lOHoO {mla crystals), 
can lx; obtained by |ffyst^dlization from arpieous solution, and 
usually comes oji to the market in large crystals, it is a v(A-y bulky 
form of alkali, 5ut seems to be the most attractive »form f)f fc^xla 
in e eyes of small piw’chasers, who no doub^feel tltat Jlhey receive 
better value for th(^ money wl^en buying tlic voluminous decahy- 
drtrtb than 'W hen pi^chasin^: ^le dense soda* ash. The monohy- 
drate, NaoGOa.HaO (crystal is produced by crystallizing the 

solution ^t a high temperature. 

Whichever hydrate ig^ chosen, the normal (;arbonate,is»empIoyed 
very largely.fo^ the softening of wato required fof laundry wdlk ; 
the theory of softening is refen^d to in the section on “ soap.” 
Soda ash is also used largely in thi; glass-^orks, and a grbat deal 
of carbonate is used in soap-mhking, whilst a furthet* qpiatitity is 
converted into caustic soda. Sodium carbonatiJ is, ap%rt from, lime, 
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the rche^bst ••alka-li knt>wA, armi is "ifccordingly used in numerous 
cases~especially\in of-ganic cliemisto-^^o ngitt^alizft ‘acid solu- 
tions. It is itsed In the working up 5f the ores t»f many metals 
(such as tungsten) which possess oxjde.^ ha¥ing acillit) properties. 
rFurtRerniore, it is used for the preparation of most oth«if sodium 
salijiS-'^ 

•Other Processes of obtaining Sodium jCarbonate. A small 
ari:fi)unt of sodium c^irlionate is obtained by an electrolytic process 
closcdy related "to the electrolytic metliod^'Df obtaining so#lium 
hydroxide ; the consideration of this process can best be deferred, 
therefore, until the discussion of the manufacture of sodium 
hydroxide. (See page 37.) < 

Up to about the time of the war, a small amount of alkali was 
still itiade at a few works in England by the old Leblanc process, 
which fifty years ago supjilied by far thP. greater part of the alkali 
of commerce. Since, how’ever, it has now been almost ^completely 
displaced ^ by the far^cheaper Solvay (ammonia-soda) process, it 
is only necessary to devote a few words to the older method. The 
chloride wa?s first converted to sulphate by heating with sulphuric 
acid"' according to th(^ process still employed for the manufacture 
of sodium sulphate and hydrochloric acid. The sodium sulphate 
'(“salt-cake”) w'as then strongly heated in a ^e^Jolving furnace 
with limestone and coal ; afterwards the black product black 
ash ”) was extracted with water ; the solution produced contained 
sodium cai'^jonate, together with a certain amount of sodium 
hydroxide. The conv'crsion is best explained by assuming that 
the coal first reduces the sodium sulphate to sulplildcf: 5,nd that — 
either during or’ previous to' the extraction wilh water^ — double 
decomposition takes place, the insoluble calcium sulphide being 
produced, ^ 

^ 'Na,S -f- CaCOg — Ca8 -^i- NaXUg. 

In the^hnal fears of the process, the sodium carbonate was not 
isolated in tjie solid state, the solution obtained being, used for the 
preparation of caustic soda. The tesidue left £^ter removal of the 
soluble alkali consisted principally^, of calciu«a sulphide. It "was 
not wasted, but was worked up t^ produce either sulphur, or, 
alter natiiely, sodium thiosulphate (“Hypo”). 

In addition to the alkali produced by the processes mentioned 
abo^e, a ccrtfiin‘'araount of sodium carbonate is obl^ined from the 
natural deposits ©f alkali mentioivsd on page 22 and sometimes by 
evaporating the water the soda-lakes therasely;es. The natural 

o ‘ « 

^ See Report of Inspector Alkali Works, 1919. See also (7. C. Clayton, 

J. Soc^Chem, hid. 40 (4921), 443b. 
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so^a-industry is of consideralbie iniportahce^in W!«| Western States 
of America, ‘Egy]^^, .and ^ Jfogadi |Ea^ Africa^/ 

Preparatip% of Sodium Hydroxide (Caustic Soaa^. uaus- 
ticizin^ Process.. St)diiiVu hydroxide is to a very largo extent 
made froni^tho carbonatg, by 4tho action of bme. llie change has 
already been, explained ifl the theoretical section as l#ing dii^^o 
the fact that calciui^ 43arbonate is much less soluble than calcium 
hydroxide. the iLcaction 

Na^COaV Ca(0H)2 ^CaCOa + moft* 

is never complete, and it is possible to calculate, froui our knowledge 
of tj^e solubilities of the two calcium compounds, liow much sodium 
carbonat* will be present in caustic soda solution obtamed by 
stirring an excess of solid calcium hydroxide with a solution of 
Sodium carbonate of knowti strength. 

The process of causticizing can be desciibed very shortly. j\ 
solution of sodium carbonate is boiled with “ yailk of lime ” (calcium 
hydroxide mixed up with water), and se^)arated from the excess 
lime and insoluble carbonat (4 The solution of caustic sbda is then 
evaporated^ multiple elfect evaporators a(din^ on the same principle 
as the triple effect evaporators mentioned in connection with brine, 
being employed ; * often, however, there an^ six elTects instead of 
three, %'he density of the solution gradually increases as \^ater 
is driven off. Finally, when nearly all the water has been driven 
off, fhe fused sodium hydroxide that remains is allowed to run 
directly iritq, sheet-iron drums. It .solidifitw in the drums as it 
cools, and,’\^i(^i full, the ckums are seahal, to prevent the absorp- 
tion of moisture by the alkali. • * 

The main problem in coniTection with the causticizing process 
is that of separating the insoluble lesidue of lime and calcium 
carbonate from the S(iJfltiop. The separation was ^or a lo^ig»timo 
carried out by allowing tl^ liquid to stand*in a tank until the solids 
had settled, after which the cl^ar solution Avas drawn from above. 
This method, •liowever,* leaves the calcium coifipounds ai a mud,” 
which, even when hashed Ijy Recantation, is liable to retain an 
appreciable *quantit^of valua^e alkali, ami which, in any case, 
owing to iJbs*cofisistency, is very difficult to dispense of.^ Filtration 
naturally suggests itself as a more efficient means of sejiarating 
the soHd from the solu^on, but great difficulties are ftnSountered 
owing to the c<?rrosive character of the hydroxide. The problem 
has, however, been solved by tjie use of mcchaiRcal filtefs, con- 
structed of Monel, metal, the ejnplbyment tof which produces the 
calcium oarlfonate residue in a comparatively dr^^ form,*wliich is 

^ J. Hendrick, J. 6'ac. Vhem. Ind. 33 12f. 

M.O, — VOL. II. * * 
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actually’ being' useci *as a fertilizer for land which^is 
deficie^it in limeV, 

‘’Caustic socfa made by the ** cauticizing process^ ” is necessarily 
contaminated with sodium carbonate. .i’rhe> content* of carbonate 
' in t(;)e jiroduct is lowest, when a very dilute solution of Carbonate 
is .^rcated rdth lime. But, since the caustic soda has finally to be 
concentrated by evaporation, tlu^ alkali-maker, in tlie interests of 
economy of fuel, is imiWilling to work with too dilute a solution, and 
consequi'utJy the purity of the product siifftfs. Another imj^urity 
occurring in tlie caustic is sodium chloride. 

When the Leblanc jirocess was employed to obtain the carbonate 
solution, sodium sul])hid(‘, sodium cyanide, and various ii'on com- 
pounds were generally present in tht^ caustic manufactul’ed. Tlie 
product of the modern Solvay jirocess is far less imjiure. 

Electrolytic Manufacture of Caustic Soda.- Diaphragm 
Processes. A very large amount of sodium hydroxide is now 
made by electrolysis. When juirified sodium chloride solution is 
electrolysed betweiMi insoluble electrodes, chlorine is produced at 
the anode, 

2C1' - CL + 2e, 

^ whilst sodium hydroxide is produced in two steps at the cathode, 

2Na* + 2e = 2Na 
2Na -f 2H..() - 2NaOH + H ., ' 

o " 

We can summarize the reactions at both electrodes in a single 
equation :> — ' » ’ 

2Na‘ 4- 2C1' + 2HA) - 01, + 2Na0H + H,. 

The anode must clearly b(' of some maUu'ial iiiiattacked by freshly 
liberated chlorine, and, ju-aetically speak,ing, the only chea]) 
material which is suitable is carbon, altljough magnetite has also 
been Used i^' Cermany ; as a result^of ex2)i*rieiKa‘, manufacturers 
have succe^ialed in ptoducing graphitized carbon in^a form wJfich 
can be used as an anode in chloKile solution^, without undergoing 
undue disintegration.^ Almost aiur metal rhicli isAnsolubItr in 
alkali and which does, not alloy with sodium, can be used as cathode, 
buf^ it is advantageous to us(? iron or copper, owing to the low 
“ hydrogen overpotential ” of those metais. 

feo long chlorine ions are the only anions exisjiin^in any large 
concentration at the anode, th(vproduction of chlorine and alkali 

^ M.'L. W, Tt. Howoll nriH G. K. Sporice, Met. Chcm.JiJng. 17 (1917), 
599. *’ 

® Sq') a. J? Allinjiiul, ■' Applied Eleetroeheiaistry " (Arnold). 



SODIUM 


¥ 

•t* 

proceeds according to the equatiof* given |ihOTefana Wic curtent 
efficiency ft? high.* *11, h^vi^ver, ol/ing;to the |.‘^Iirring up "of the 
liquid, some. o| the alkali produced at the cathode finds. its way*to 
the anode, the discharge (OH)' ions, and the consequent t^volu- 
tioii of ^x^ygen instead ^of el^loriiK^ may oc(;ur there. In ^ther* 
words, the currtuit may oommence lo destroy alkali njf the an#de, 
whilst continuing to produce it at the cathode. It is, therefore, 
jH'cessary t(%prevent^ie access oi^ alkali to the^node surface. * 

* TJ^e obvious \vay y) prevent alkali from pas.sing* from cathode 
to anode^ — as a result of the stirring up of the liquid by the gases ^ 
(wolved — is to interpose a porous diaphragm between the electrodes, 
thu^s dividing the cell into an anode compartment and a cathode 
compartment. So long as the hydroxide' produced is confined 
to the cathode d(>partment, lo.ss of efficiency can })e avoided. At 
one time considerable difffbulty was found in obtaining a enaterial 
for the diaphragm, unaffected by caustic alkali and by (ddorine, an^l 
yc't sufficii'iitly porous that the resistance of Jhe cell was not unduly 
increased. Now, however, porous matea'ials, consisting essentially 
of asbestos, can be produced which fulfil the reqiiireihents fairly 
well, altliough they tend to (fiog ” rathertif the brine (‘inployed 
is not quite plear. 

* However, the division of the cell by means of a porous diaphragm * 
does n(5t permanently prevent the access of hydi-oxyl ions fo the 
anode. For the j)assage of tlie current necessarily causes a move- 
meuT of these ions from the cathode compartment through the 
^liajfiirsgm fr> the anode compartment. Tla' only way to prevent 
this is to ifpidy a slight hydrostatic presstire to the solution in the 
anode compartment so that tin? li(f\ud as a whMe moves in the 
direction 

mode caPhode 

at exactly the same vite^as the ions woiffd otherwise move in the 
direction * 

aithode — anode. 

• 

lITus by pressing tht^liquid thivugh the diaphragm with the correct • 
velocity, tlfe boundary betweem chlorine and hy^lroxyl ions is kept 
somewhere within the partition, and the access of hydroxyl frf the 
anode is avoided. An e*lectrolytic cell, designed onjsucA a princ^le, 
is continuous isi its action ; sodium chloride solution ts continually • 
forced into the anode cornpartmdnt, and sodium flydroxidp is epn- 
tinuously drawn ^ff from the catlft)de compartment. 

Numerou* forms of cells have been designed, differing consider- 
ably in construction, but generally embodyir/g tin* |Pi‘incii4pH just 
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selfforth.o As aii v)xa^ple, th6"Townsend cellji used at Niaga^-a, 
niay be defcribed i^Fig. 4)/, TJtis is a Ipng; narfow rectkngular cell, 
tfie end-walls and bottom being of cement, and tli#; ^ides of iron. 
Thej-e is a central anode compartmenl, cdntfiining the graphite 
anodes A.; the anode compartment* is separated from ^t^o cathode 
compartm(X^its on either side by diaphragms D of asbestos cloth ; 
the cloth is rendered rather less permeable Ijy being p^ainted with a 
composition conti^iisig asbestoS fibre, ferrf^ oxide ^nd gummy 
ferric hydro, xide. The cathodes, C, consist ofperforated iron phatas, 
or grids, which^ are pressed into contact with the diaphragm and' 
help to hold the cloth in place. The outer, or cathode, compart- 



Fig. 4.-^-Priiici]>le of Townsend Cell. 


ments are fjlled with 
a mineral oil. Purified 
sodium chloride solution 
is run into the anode 
compartmei^t at a 
slight pressure, and 
usually stands a little 
liigher than the oil 
outside, the, level being 
carefully regulated. The 
slight , difference in 
pressure on the two 
sides pf the diaphragm 
causes the solution con- 
tinuously -to percolate 
outwards •through the 
diaphragm . The sodium 
hydroxide solution, 
formed on the cathodic 
*g*id, gathers there in 
(h’oplets, wliich soon 
become detached from 
the catluxles owin^ to 


» . thc*evolution of h;^dro- 

gen, and, passing into the body ^)f the oil, •sink to 'bottom and 
coalesce^ with ona another ; the folution of socfiuih Jiydi'oxide 
whfhh collects is drawn off continuously through the pipes E, 
an\J passes lo t|ic evaporators. * 

riieoreticailly, only 2-3 vol^s are required to dcconf^jose sodium 


1 L. H. Baekeland, J. ChemMnd. 26 (1907), 74Gif Mectrochem. Ind. 5 
(1907), f (19^9), 313 ; C. P. Townsend, Electrochem. hick 1 (1902), 23 ; 
H. K. Richardson anc^ R. L. Patterson, Trans. Amer. Electrocheyn. Soc. 17 
(1910),r311 ; h. B, looker, Chem. Eng. 23 (1920), 90 1. 
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cWoridc so^s to pj;oduce sodium hj^roxide, dhlo/i^i^ and fiydrogen. 
Actually, in*ordef tt) caA-J^ ifut the \lcc«mpositilfi at^ a*reas5nabje 
rate, about ^olts are applied to each cell. Normally- a row of 
cells (per^^aps 30 to 00 1 are**con*nected in series, and the appro])fiate 
E.M.F. (e.^ 120 volts if tjiere Jtre 30^ells, allowing 4 volts per^ell) 
is applied be^-wcen the ertds of the row. Usually th^ cell-hofl|e 
contains siweral of tb^ae rows of cells arranged side by side. Th)|S, 
[d| hough th?^ intlivid\il cells are small (th 8 arigyial size of the 
lowifsend cell was X 3 X 1 ft.) the combined (futput of the 
liouse is considerable. The current efficiency is abput 06 per cent. 

'Erom each cell, hydrogen esca})es from the catholic compartment 
thrcAigh ijje tubes to liydrogen mains which collect the gys from 
all the cells. Similarly the chlorine? formed eft the anode passes 
through tubes to chlorine mains. Tin? hydrogen is in some works 
wasted, but in others is used for ‘‘ hardening” oils. The chlorim? 
is a most ^yiluahle product. It can be liquefied, and compressedi 
into cylinders, or used in the manufactu^? of bleaching powder ; 
alternatively it is employed in the production of various organic 
substances containing chlorirtc. The liquid chlorine and bleaching 
f)owder arc* mainly used for bleaching, stfrilization and disin- 
fection ; but, •duryig the war, there was great demand for chlorine 
as a |)oison ga% and the manufacturers, in many cases, caine to 
regard chlorine, rathiT than alkali, as their main i)roduct. 

Mfeny other types of cells arc used at different works. ^ The 
device oi filling tlu^ cathode compartment with oil is pecailiar to the 
Townsend ceil. In some cells, the cathode 'compartment is kept 
full of alkal i*soTution, which is drawi^off at the same rate as brine 
is added to the anode conqmrtment. More often tlie cathode com- 
partment is empty, of liquid, t^ie*alkali being allowed to drip from 
the cathode grid into a trough below. • 

Jf steam and carboti dioxide is passed into the Jnodc cfun^^art- 
Jiient, sodium carbonate cfin ])e produced instead of hydroxide. , A 
e(Ttain amount of carbonate is inanufacturf^jLl in this manner in 
Cheshire. Tffe electrolytic manufacture of carbonatb presents, 
respect, less tlifficulty* than that of the*]iydroxide, because, 
the mobility of the 1 ^) 3 " ion l)^ing butsmaW, there is little fear of 
the brine hi the anode compartment becominf; sctiously alljalinc. 

The shapes of different cells used in the manufacture yf caustic 
soda vary very much. The large ]V{elson cells 2 installed during 
the war in Amefica have the diaphragm and the jierf orated cathode 
in the form of a U-shaped trough 'supported in a rectangular tank. 

^ A summary of the forms still in use is given by E. Chaleyer, Prod» 
Ohim. 22 (1919), 613. 

“ C. P. Carrier, Trans. Amer. El^drochem. >Soc. 35 (1919), 239. 
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In tnglancl, on t/ie other hancf, a round cell with poroi^s partition 
of,cylmdridhl,shajlc has been used rei:efitly. "In Germany, there 
has been a tendency to develop types of cells horizontal 

^ diaplrragms. One variety of the Billiter cell,'* much u.^d in the 
Ilhiif^land and elsewhere, is a rectangukr tank containing, just 
al^'dve the fettorn, a nearly horizontal calhode of iron gauze, upon 
wl>ich the diaphragm (formed of an asbe3.t^s— barium sulphate 
composition) i^ opir^atf. Above this comes tj;b anode compartment 
filled with brine, in which the graphite rod4 forming the afibdes , 
* dip. Brine is run in at the top, and caustic soda drawn off from 
below the diaphragm. The hydrogen produced at the cathode runs 
along under the diaphragm, which is slightly sloped so as t(^ f acilftate 
the escape of the gas, and passes off at an outlet at the side. 

In all the cells mentioned above, in , which the brine is run into 
the anode compartment and passes through the diaphragm to 
(he cathode compartment, the penetration of sodiumr hydroxidi^ 
to the anode is avoided. , But this arrangement does not necessarily 
prevent a certain amount of chlorine reaehing the eathode, for 
chlorine is fairly soluble in water dnd a considerable .quantity 
travels to the cathoefe in aqueous solution. Should free chlorine 
^ enter the cathode compartment it may react with^ the alkali to 
prod,uce hypochlorites or chlorates, or it may combine with the 
sodium as it is formed, and thus reduce the current eJficiency. 
When the ^solutions employed are warm (which is, in any ,case, 
desirable, so as to reduce the resistance of the cell), the solubility 
of chlorine in the brine is only slight, and the loss' of efficiency 
is not serious. ^Nevertheless^ it is worth considering’^whetber the 
loss could not be avoided altogether, and for this reason a cell 
designed by Finlay - de.serves mention, although it has not, 
apparently, found wide app'iication. » 

TH6 t'cll eoiVtains two vertical diaphra^his arranged between 
the t\yo vertical electrodes, and thus dfvriding the cell into three 
compartments. The, brine is run into the middle compartment, 
and passes outwards through botlj diaphragms into The anode and 
cathode compartments. fSodium hydroxide solution js drawi^_ off 
from the cathode compartment, wlnlc a certain amount of brine, 
satjirated with ciilorme, runs off continuously from the anode 
compartment. It can be boiled free from, the gas, and used again. 
Tht. current efficiency of this cell is naturally unusually high, and 
is said to reach flS per cent. But the second diaphragm adds to the 

^ A. J. Aiimand and Williams, J. aS'oc. Chem. Ind. 38 (1919), 285r ; 
A. J. Allmand, Tninfi. Faraday Soc. 9 (1913), 3. ' 

^ F.^G. Doi^nan, J. V. Barker and B. P. Hill, Trans. Faraday Soc. 5 (1909), 



SODIUM 39 

n^iistancc (jf the e(^ll and it does not TiecessarUy ff)rJt)w Ih^ft the <fon- 
sumption ot* ener^y*is the Fi?ilay;*cell tlulf in ^others. • 

Mercury Cfells. ^n entirely different, method of obtaining 
sodium liydroxide from sAlt, wJiieh dispenses with the use#of a 
diaphragm^ depends on ^he eifiploy?*ient of m(‘reury as a caMiode 
material. If» sodium chloride is electrolysed hetweefi a ear 8911 
(or platinum) anodewi^id a mereujy eathod(‘, little or no hydrogen 
i^ik evolved, but m fairlV stable sodium amalgajnSs fi)rmefl. This is, 
no dT)ubt, due to the xiigh overpotential of mercury.* •If, however, 
the amalgam, when formed, is run off into anotluu’ compartment, 
and treated with water, wliilst in eontaet with a substance of low 
hydrogen overpotential,” such as iron or carbon, th§ short- 
(•ii’(‘iiit('(l cell or couple * 

Sodiuili I ,.r . I iron or 
^ Ajiialgam | I ('arl)on 

is set up. The amalgam is thus deeom^io.^xl, sodium hydroxide 
being produced in solution, whilst hydrogen is evolved, on the iron 
or earlxfn. 

A genei^lized diagram of a mercury cell is shown in Fig. 5 . 



fie. 5. — (_loiiornli/,o(i form of Meicury Tjcll. 


Brim; is (tectrolysed in t he main ehirnber I ; the ajiodes A, A are 
of carbon, graphite m' ])la4inum, whilst the calhocie is Ibr^icd by . 
thin stream of .rnertwyt running across*th(; floor of the chambe 
from the reservoii- It. The mercury, as it ])asscs ^(mt of ?hc*celi 
cohtains soflium in T^olution, and runs inlo the dcfjomposer I 
\^(Te it comes in?o contact ^v^th the contact-pieces C of graphit 
or iron, and at tlie^arne tinij^ with water. The sodium amalgar 
is quickly ‘decomposed, yieldiiig sodium hy(h*oxkle, and nearly pur 
mercury passes out into S and can be pumped back once nxt^'c t 
the reservoir R. ^ ^ 

As soon*as the concentration of sodium in the aiuAlgam become 
at all high, the sodium is hkefy to be attacked by thq chlofin 
dissolved in tho» brine, regenerating sodkim chloride. Therefore 
in order ^ obtain a high current efficiency, it is infportant t 
keep the concentration of sodium low^ by circulating thc^ncrcur 
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quicfkly t^iiou^h ii'ie system. Tie various forms of mercu^ cell usad 
by di^renU raakoiv differ tsseAtially the means of bausing the 
mercury to pass between one chamber and the other, t fhe Castner- 
Kellner All<ali Comiiany, to whom the dcfv^eli^ment of the mercury 
'cell i^largely due, are believed now ta utilise an ArchimejJean screw 
to mise thettiercury from the level of S to that of the Reservoir K.^ 
In* their orignal form of cell mercury was caused to flow to and fro 
between the two c^jrartments by rocking ^le eijtir'f^ cell ; this 
arrangement,, v'as ineflicient and would be ^:travagant of pt/wer 
except Vvhen applied to small units ; it has been abandoned. In 
the Whiting cell,“ which has found employment in America, a 
rotary pump is fitted to raise the mercury to the necessc^ry level. 
The actfoii of this cell is intermittent ; every two minutes valves 
open, and allow the amalgam to flow from the main cell to the 
decomposer, its place being taken by 'fresh mercury from the 
reservoir. An Austrian firm ^ employs compressed aq* to force 
the mercury from one ^compartment to the other, and then back, 
whilst in one German process, the circulation of mercury is effected 
by means of an ingenious arrangement of “ paddles,” ^ 

Since the amount of < water admitted to decompose thq amalgam 
can be limited, it is possible to prepare comparatively concentrated^, 
"'sodium hydroxide solution. In this respect, the meij^ury processes 
have 'a certain apparent advantage over the diaphragm pifjcesses, 
which can never yield an alkahnc solution mevre concentrated 
than the bri^.e employed. It is, however, scarcely correct to regard 
the saving of fuel in the* evaporators as representing a true economy, ' 
because the production of the comparatively strong* alkali usually 
involves a higher'expenditure of electrical energy. As a matter of 
fact mercury cells usually recjuirc an 'E.M.F. of yearly 5 volts per 
cell, whilst diaphragm cells often work with less than 4 volts per 
cell. hand, mercury cellii, unkke diaphragm cells, 

yield an alkali quite free from chlorides. «, * 

Comparative Gonvnerdal Merits of Processes. The cur- 
rent ethciendy of electrolytic alkali^ production with Aodem cells 
<8 high, always over 90 per cent. ; but*, since the E.M.p. requiwi^l 
'for the normal working^ of each cef» usually greatly exceeds the 
thcoreticaj value of‘-2-3* volts, the energy efficiency varies between 
45 per cen^. apd 65 per cent. It is the ejcicrgy efficiency which 
dete^iUiines the amount of alk{\li which can be made from each 
K.W.H. of electrical energy, and, where — as in England and 
' » 

^ R. Tassig, Trans. Faradt^y Soc. 5' (1910), 258. c 

2 J. Whitkig, fTmn^. .4wer. Electrochem, Soc. 17 (1910), 327. « 

® Chem. Zeit., Rep? 37 (1913), 412. 

* M. Wilderni^n, Eiffh*th Int. (^ong. App. Chem. (1912), Vol. 21, 185. 
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Germany— the electrical energy hUfe to be ^eneMedT meajts of 
coal, the ^uccesB dr faiUr^ of the^prcicess wiU*(iepemi upi^n this 
point. So as there is a demand for chlorine and for hydrogen, 
the elecjjrolytic prodhctii\n of caustic alkali is likely to compete 
successfully with the i^ternative niethod of causticizing sodium* 
carbonate o])tained by the Solvay process, even whenr coal is»the 
ultimate source of pojvcr. In Ametica, and countries where wafer- 
power is cdiftpjy'ati^y plentiful find electric p^wer therefore ch?ap, 
the»electrolytic process has a considerable advanta^iV 

Uses of Caustic Soda. Caustic soda is use^l very largely in* 
the paper and textile industries, and also in thy manufacture of 
soAp as •described below. It is also employed in the pr(;paration 
of many organic bodies, notably the dyc-stiiff alizarin. Further- 
more, it is source of sodipm metal, which is in tnrii the source of 
sodium peroxide and of sodium cyanide. 

Manufacture of Sodium Hypochlorite. Tt will be cod 
vciiient at this point, to discuss the preparation of sodium hypo- 
chlorite, a substance used very largely both for bleaching and for 
the st(*r’ilization of drinking-water. As the case of sodium 
hydroxide, there are two methods of preparation, the first being a 
•precipitation piticess depending on the insolubility of calcium* 
carboi:#tc, anti the second consisting in the electrolysis of spdium 
chloride, under conditions rather dilTerent from those required 
for*thr preparatb;i of sodium hydroxide. ^ 

In the first process, chlorine is passed over slaked lime, yielding 
bleaching^ powder, according to the method to be described in the 
section on calc nun. The milky •olution of l^leaching powder, 
which can be regarded as *coptaining calcium hypochlorite and 
calcium chloride,*is then treated with sodium carbonate ; insoluble 
calcium carbonate ^is precipitated, whilst sodium hypochlorite, 
mixed with sodium chloride, is left in^solution.* This f)rocess is • 
probably the most ecoiiomtcal where the substance#has t® be» pre- 
pared on ajarge scale. The hypochlorite m but ilxrely isolated in 
the solid state, bi^ is sold as § solution ; the solution decomposes 
quickly unless it i.%protccfed^from the actidn of light and carbon^ 
dioxide. -It is most stable if Sept slightly alkaline, but its oxidizing 
activity *is most pronounced in the presence of acid.^ • ^ 

On account of the itither i:)oor keeping qualities of podium’ hypo- 
chlorite, many manufacturers, who require corftp^ratively ftmall 
quantities of sodium hypochloyite for bleaching purposes, prefer** 
to make it theinselvcs, rather than purchase it from t^e large scale 
producer ;0in such cases, the 'electrolytic process is *of iieiwice. Tf 

^ See E. K. Rideal and U. R. ^Evans, J. Chem.^lnd. 40 (19W), 64r. 
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was fttatcd tabbvctAihat,, in the ^nanufacturc of sodium hydroxid® 
by clectjrolysi’s, the* chlorine ttnd V?odium‘^hydi‘oxide^:)roduccd at the 
two electrodes must be kept apart ; if the manufacluTO of hypo- 
chlorite is aimed at, they are allowed fo nfingle. Hyp(^hloritc 
is foi’i'ied by their interaction^ thusc — ^ ^ 

/ ^NaOH + CL = NaCIO + N'aCl + H/). • 

The^ temperature m^st,be kept lew, for in a^|^arm si^utioii the 
hyj)ochlorite cK’^omposes, giving rise to chlorate, 

. ’ , 3NaCM() NaClO, -f 2NaCl. 

But even at lowdemperatures, hypochlorite will be converted to 
chlorate d)y electrolytic, oxidatioii at tlu‘. anode. Hyp^)chloritc 
is also destroyed, if it is allowt'd to come int(j contact with the. 


A? Dtjnamo 

or Main a • 



Fic. Elect nVysor for tlio li’eparation of Hodiuin Hypochlorite. 


cathode, being reduced once n)ori> to cliloridt^, fH>in which it was 
formed, it follows, thend'ore, that after a certain amount of 
. hypochlotite has*^been forpied in the safb solution, a stationary 
statu ” Y'ill be^rcached, at which the concc^itration ’of hypochlorite 
ceases to increase ftirther, the salt being des^royt'd as quickly ys 
it is formed.*^ It is useless to coiv^inue the electrolysis further ; 
ihe compkde conversifyiT of chloride to hypochj^^rite by elecjtroly^ 
is practically impossibl(‘.‘ • . . 

Mfjny different fA’ins of (‘lectrolyser ” have been designed for 
the purpose of converting a solution of sodiiwn chloride into hypo- 
chloi<te.2 One o^ the types designed by Haas and Oett/d (Fig. 6) 
**inay be describee,! as an exampK^ A rectangular trough B of 

1 P. H. Pr^snitz, ZeitscUi Elektrodhem. 18 (1912), 102i5. 

^ For the clifftfrent patterns see A. J. Aliinand’s “ Applied Electrochemis- 
try ” (Arnold). * 

“ F. O0tel, ^Elcktrochcm. 7 (1901), 319, 
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earthenware ia fitted with a senes' twcntjr-nmt'fveftktif graphite 
electrodes,* which flivickj* ttfe troii^i iijto a seiL^s of twenty-eight 
narrower ci^iApartnients. The two end electrodes * A and C, 'are 
connected to a dynaifio yftddmg a!)out 1 15 volts ; each of the inter- 
mediate electrodes func^ons as a cathode on one side, and an^noda 
on the oth^. Thus tht^ plant is really a set of t wenty- eight <?clls 
in scries. The trough stands in a larger tank containing sodilim 
chloride smi^tiyii, the li(]uid ?^irculates tfarc^iigh the inner trcTugh 
duiing th(’; passage ol the current, entering it at operlirjgs in the base 
and overflowing at the top into the outer taiik. This cc^ntinuous 
circulation is brought about l>y the evolution of hydrogen gas at tlu'* 
tk‘ctro(]^\s, which carries the liqiiid upwards. * Th(' outer tank 
contains cooling pi])es, K, through which CQld water ])a*sses (M)n- 
tinuously, and thus the licpfid eidvring the inner tjough is always 
cool ; it oveiilow'S before the teni|)eral.ure has risen to an extent, 
which W( 4 uld cause serious loss of efiicieficy ; in practice the teni- 
perature slujuld b(‘ kept ladow 24'" (_!. ^ 

In many of tlu' ])re-war models of electrolyser, platinum electrodes 
were (^rnployed, but the present- scarcity of the mefal renders it 
necessary to look for a cheaper material carbon electrodes are 
^ nearly equally efficient, but tend to disintegrate somewhat. 

In the malting of hypochlorites no attempt is made to divide th(T 
cell iifto anodic and cjathodic compartnumts by porous diaphragms 
of^the kind used in alkali-making, so as to restrict the contact of the 
hypot hlorite witli tlie (‘lectrodes. It is j)ossible, hclU'ever, to add 
to the solution small quantities of substaiw"(‘s which produce a film 
over the ^^urface of the electrodes ; this film, whilst not interfering 
with the ])assage of (uirnmt, ])re\Vnts unnec'es^ary access of the 
hypochlorite tortile active *el^ctrode surface, and thus minimizes 
thci destruction of the gnstable st-lt. A very common addition 
is potassium ehroF^ate it is said to form a 11^11 of aij insoluble, 
chromium oxide on tlw cathod(‘.i 'Purkey-red oil,'’ and varioutl 
other com])lex organic su1)stances, form, in the pl’ostmc? of* lime, 
^ film upcffi the anode ; a combination of chromate 4 ind '' Turkey- 
,j^ed oil ” Jias bec^i recoin mentled, so as to jiroduce a film on eacji 
(‘lectrod(‘. But a*very sim|^le addition, .which forms a good film 
on a carfion cathode, is linih alone ; tin; adh(i>ion and p(‘rmanence 
of the layer is greaUy increased if a colloid, such as wficat-Htarch, 
is also present. Lime is said to be practically useleiBsVith a plati- 
num cathodti.- • ^ 

If the electrolyser is constwfeded of Portland t;einent, it is s^tated 

1 E. MiMler, Zeitsch. Elektrochem. 5 (1898--99), 469 ;^7 (1G01)^39«; 8 (1902),’ 

^ E. Muller and M. Biichiier, h:/rLirn,i?, nt 
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thatc^lms i,vppean' dpoutaneously on both electrodes, without any 
additior«s. JJo doUt^t, the cf^thode film^^’^pcrl^ist of -the bfcic oxides 
present in the cement, whilst those on the anode mby» consist of 
silica. 

» However produced, the presence of the ^filnis on the plectrodes 
nota^ily raist; the current efliciency of the process, apd allow a 
higlicr concentration of hypochlorite in the solution to be reached. 

Besides its use aj. a» bleacher, ‘•sodium hy^jchlorit^is largely 
used in “ texfib'liuishing ” as it jirevents th3-i growth of cerhin 
algae which give rise to stains.^ It is used in very many places 
for the sterihzation of the jniblic water-supply. Tlie employment 
of hypochlorites for this purpose developed mainly in i^merica, 
but it has since been adopted at many 
places in this country. Part of tln^ water- 
supply of London is now trc'ated with 
sodium hypochlorite. It is likewise added 
in many places to tlu' water of swim- 
niing-baths. During the war, specially 
jirepared hypochlorite proved a most use- 
» ful antiseptic for tlie treaitment of, wounds. 

Manufacture of Metallic Sodium. « 
Sodium is almost in variablyi produced by 
the electrolysis of the hydroxide in the 
fused state. The products* of elcctrolyris 
are oxygen at the anode, and sodium at 
‘the cathode. The sodium beihg lighter 
than tlje fusi'd caustic soda, flohts u]> to 
the surface in, the molten condition, and 
the main pi*ecaution to be,, observed is to 
|)rcven»i< it from being burnt either by the 
air or by the analicaliy produced oxygen. 
The tcmperatuiY nmst’not be too high, or 
the sodium will e,\pel lyy’drogen from the hydroxide, produeing thy^ 
anhydrous oxide (Na.d)). * 

•.A form of cell which Jias been user? successfully in England, th«a 
United States and (Germany, is showrt* diagramraatically in Fig. 7. 
The cathode C, con.siding of an iron rod, is surrounded by a ring 
anode of nickel-iron alloy ; as a rule, a cyl^pder of wire gauze is 
interposed fiet‘weep them . The^ caustic soda of the bath may 
JX* the first instance be fused by gas-burners B, but, wlien once 
molten, thp heat generated by the fjtirrent should be sufficient to 
J^eep the bath inolten ; the t(‘mporature ought not to rise much 
above the m citing- jfoint of caustic soda, or the cuirelit, efficiency 
^■^Y. it. Toyi? 0 , J. SoCk Chem. Ind^ 31 (1912), 477. 


WA 

i 


Fused ^ 




“ '• 'laOH 

I 

^ — I 


B 


Pig. 7.- CVll 
jiarat ion of 
^ Soflinif), 


for 

.Mcfullic, 



SODIUM 45 

will suffer. About 4*5 to 5 volts i5%ppliWl ^o tbt? tell! t^e sqjiium 
formed off the •cathode • riles to Ihe ^♦^urface, llTogcthpr with any 
hydrogen ppcMuced, and is caught in the closed cylinder D plabed 
just above. Since D^s f^ll of hydrogen the sodium is not oxidized, 
and may^be ladled out^ periodically. Tlie oxygen from thejxnod® 
escapes without destro^iing the so^dium. The nickeViron ai^des 
are not seriously att^icked in the fused solution, for they becifme 
“ passive ’•> j^roba^y a protective layer oi cjosely adherent o^ide 
is 4t)rrned upon them. As the sodium hydroxide decomposed, 
fresh caustic soda is added, and thus ilie proc(?ss can ‘be made 
continuous. * 

Very many attempts have been made to obta^i sodium by the 
direct electrolysis of the fused chloride, since this naturally bccurring 
compound is much cheaper than the hydroxide, which is, of course, 
itself prepared from tl?e chloride. (iJreat diniculties, however, 
are met ^vith, which have not yet been overcome. In the hrst 
place, sodium cliloride fuses at a much liigl^er temperature than tlie 
hydroxide (803^ instead of 327''), and there is more dilliculty in 
keeping it in a state of contplete fusion. At this high temperature, 
moreover^ all the substances concerned, sodium chloride, chlorine 
^ and sodiurr; are extremely corrosive, and the containing vessels 
are likely to^be quickly destroyed. Furthermore, sodium is (‘x-* 
treme^ volatile at these ranges (it boils at 877°), and, what i% more 
serious still, the metal is, to all intents and pimposes, soluble in 
molten sodium chloride ; probably it is not soluble«in the strict 
• sense of the word, but forms a “ mctalhc f»g ” consisting of minute 
metallic 'parficles of colloidal size distributed through the salt. 
Even in the electrolysis of the fusM hydroxide,® th(i sodium tends 
to form a fog to some extenC, and minute globules of the metal find 
their way to the anode an^l arc destiiiyed. Owing, no doubt, to the 
lower temperature, 4(.he jjieiiomenon is not — in tjie case ^f podium , 
hydroxide'—fafal tc 4 tl^^ process, althifugh it lowers the current' 
elliciency considerably, llut, in a fused chloride, life fog ffirmation 
if so seriovw as to rtl^ider the process almost unworkable. 

Metallic sodiunf is used piaiftly for the prejiaration of the cyaniclf 
and of th*e peroxide ; it is jmployed, to, some extent, in organic 
chemist;^}^, b\)th as a reducing agent and a d(‘bydrating agent. 

Cyanide. Commei-cial “cyanide” may consist^ of .gftdium 
cyanide, potassium cyanide, or a jnixture of tlui twt). It pfeiys a 
most importdnt part in the metallurgy of gold anQ silver, and Isk* 
also employed in the electro-\lepositioii of both metals., » 

A good deal* of cyanide is. prepared ftom the potassium ferro- • 
cyanide olitained at gas-works, as a bye-produc8 in the purification 
of coal-gas. The modern ^ethod is .to heat ^he pfbtasyi«m ferro-^ 
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cyai?jde wlith"m^4JdJ[lic podium, ‘‘^hereby a mixture of cyanides is 
obtained , i * c r * » « • *' 

K 4 Fe(CN)e + 2Na -= 4KCN + 2NaCN + 
quantity of cyanide obtainable by that process is, J^owever, 
'quite, 'insufficient to meet the demalid, aiwl many other methods 
of manufactire have been introduced. Of these, Casiner’s pro- 
cess, used on a large scale at Frankfurt, als'h involves^ the use of 
metallic sodium.^ ,Ory ammonia, gas is led Aver .“.ifriten sodium 
giving sodamide, and the sodamide is then fused with coaV or 
charcoal,* yielding cyanid(‘. The reaction can be expressed, 

, NaNH, + C - NaCN + Ho, 

t 

but is generally believed to take place in two stages, sodium cyaiia- 
mide (NaoNoC) being the intermediate compound. 

2NaNHo 4- C = NaoN^C + 4H 
Na,No(] + C - 2NaCN 

Beilby’s process, mnJ)loyed at Glasgow, does not require the 
employment of metallic sodium. Po/assium carbonate (mixed 
with a little cyanide fr, 9 m a previous operation, so as to lower the 
melting-point) is fused, and treated with charcoal in small quan- 
vdities, ammonia gas being forced through the molten ^^nass 

K,,CO, -f 4C + 2NH, 2KCN + 

If care is fallen not to add the charcoal in too larg(' quantities, '\hc 
product is white, and sufficiently pure. Earlier (German) attempts 
to prepare cyanide by this reaction led to a black proc^hict, which 
had to be leached, and recrystaliized bdore it was lit for the market. 

During the war, another iinportfint method of makijig cyanide 
was developed in America, nanudy by heating caicium cyanamide 
with sodium chlorid(‘ in an electric fiirnacc;^- A litth* calcium 
‘ . carbiefe ilj added’ to the charge to ])rev'ent f()aming.” 

Very iiiany » ether irndhods of obtaining cyanides have also been 
suggested, and some h^:v(^ been used on a large scale. , ♦ 

^ Sodium peroxide is made by p^fssiug dry nif, free from carbqji 
dioxide, over metallic ^^xlium, at Tln^^sodium is cut into 

slices and placed (yi aluminium tra;^s which are exposed to the 
currqut ofair in iron tubes, the passage of air being arranged on the 
“ countcr-cMriTcAt principle ” ; the fresh air passes first over the 
^tray*containing material almost completely converted td peroxide, 
and^ only when the air has lost mout of the oxygen does it come 
in contact with fresh salium. ’ 

^ B. Wiser, Che^. Zeit. 37 (1913), 1621. * 

* W. S. Lapdis, Trans, Arner. Klectrochem. ^oc. 37 (1920), 053. 
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Sodium peroxide is largely *used> in bleafehing^,^ Ii^ ulaAy c^ses, 
and especially wpgl ^as to Ne treated, alkalinity of the 

solution is reduced by the addition of sulphi/rie acid, or' of 
magnesium sulphate# t 

Manufacture of Hydrochloric Acid and Sodium Sui^hate^ 
(“ Salt-calje ”). Another manufacturing process of i^hicli soc^um 
chloride forms the starting-point, although less important at the* 
present tii]?l(34ilj^n formerly tlu^ case?, is tht^^^reparation of hySro- 
chWric acid and sodium sulphate ; they arc' ])ro(lue('d,by the action 
of sulphuric acid on salt. The opiu'ation is now carried oitt mainly 
for the sake of the hydrochloric acid, but, in the flays of the Leblanc 
alkah-pgieess, it constitutf'd the lirst stc]) in the manufacture of 
sodium carbonate and sodium liydroxide. • The deeoniposition 



occurs in two stages. Tlu^, lirst, wliich leads to lh(‘ formation of 
bisulphate, 

NaCl + H,S(), ^faHSO^ -f HCl 

• • ^ ^ 

takf'S ])lac(^ al^ a cym}^irativ(‘ly low t/mperature, whilst, in the* 

second stag(^ which rcfpfires a much liightM* teAi])erafure* the 
If^ulphate liberates 'a further (piantity of fiydrogen i'hloride 

N*C1 + NiirHSO, = Nii.,S(.), ^ IICI. 

/ 

Tlie type df furnace which*is still largely .useij for the operation is 
shown in Fig. 8. The salt and sulphuric acid are placed^in pan 
A, which is warmed merely to a moderate temperfttikre^ Here the 
first stage of. the reaction occurs, •the hydrogcui chloride escaping 
through the pipe B. T^he matiSiof bisulphate and salt is then r^ked 
into the muffle iJ, which is heated red ho^ by flames from the grate 
G ; the flumes pass first above the muffle and tben belcfw*it, finally 
passing under the pan and helping to raise "the temperajiure there 
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alacL Ifi iihe* tlie ieconii^ stajge of the reaction takes place, 

the ny/irogcn chK^^ide passing uway tk^rt^iigh tlj(5,pipe ©. 

©uring the second stage of the process the charge riti^t be stirred 
up with rabbles. In the form of furnace just described, this is 
jdoneVrby hand, although it is heavy^ work. Many attenfjpts have 
beep made to introduce mechanical fupiaces into the salt-cake 
pilicesa, and of these Mactear’s furnace, which dates from 1879, is 
stik much used.^ In ^his furnacx! (Fig. 9), Ijfe bed j^4'hc hearth 
is essentially ^ Mrcular saucer, set on wheels W, which run gn a 
circular .^ail-track, R, below. Mechanism is provided which causes 
the hearth to Ajtate continuously about a vertical axis. The 
mixture of salt and acid is fed continuously into the depression D 
at the ee-ntre of the bed and is gradually mixed and pusheef towards 



the edge by stirrers S,8,S (l)oth fixed and rotating), '■wi,tlf which it 
comes in contact^as the b(‘d rebates. The wliole is heated by hot 
gases from a grate which pass thrivigh flues F,F above and below 
the rotating hearth (or in thy older ty^ie of furnace play directly 
on the charge). By the time the charge read jes the cii’cumferencc 
of tlie rotating fied, and is pushed ofl’ into the annular trough T, 
the tonf ersioiF into salt cake is c,omplete. The chief disadvantage 
of the Mactear furnace, and indeed of all unechanival rabblkig 
devi(?es, is that corrosive gases (iiii this case lydi’ogen chloride) 
invariably attack the' mechanism, fs 

Whatever type of furnace is used, tfce hydrogen chloride produced 
passes ofld:hrough pipes, which are usually carried tlirough the air 
for some d^st^nee, so as to cool the gases. ^The gases then travel 
throhgh a condensing plant where the hydrogen chloride is con- 
'densed in water, <45delding hydrocbioric acid. Often the conden- 

^ See J^Soc. Chem. Ind. 4**(1885), .^>34. -Various other types of mechanical 
furnace.s are\loscribe4 by(<. Lunge, “ Sulphuric Acid and Alkah " (Vol. 11) 
(Gurney Jagkson). • 
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sation of the first ,, portion is broiighf about 4)y passage oP'the 
gases through' a slirfes of ^aJ^henware p®ts containing ^ater. But 
in general the absorption of the last porticnis of tlie • iiydrogen 
chloride 48 eft’ected in some form of condensing tower, down ^hich 
water is allpwed to pass the hydrogen chloi'ide is removed b/ the 
water, hydn^iddoric acid being collected at the bottomf It is 
])ortant to Jet no a|)j)r 4 ‘ciable quantity of hydi’ogen chloride csci^pe 
into the air, ate*/,hc ac’:d fumes are extremely 1 kfJti-ui;tivt\ especially 
t(^ v^jgctable life. In most countries, there j^re notv* very strict 
regulations regarding the amount of hydr'ogen cljoride allowable 
in the exit gases.” Escape of the gas may occur i^ot only through 
ijiefficienlg condensation by the water, but also by i(‘akagt^ This 
is particularly likely to occur at the mufii(*, which is liable to become 
cracked owing to the higii^temperature. The furnaces are, there- 
fore, usually so controlled that the pressure in the tiu(‘s is slightly 
in cxcc^ss o^that in the mufile. If, therefore, a slight crack in the* 
walls should establish communication bet^^eiii the mufih' and the 
Hues, the leakage will be inwards, and not outwards ; the hydrogen 
chloride ;^vill be contaminakM with Hue gas, not the tiu(‘ gas witli 
hydrogen chloride. * 

^In the Ha»gregves process, sulphur dioxide, air and steam 
are used in tht^ place of suljdmric acid, tin* separate manufacture 
of the ifeid thus being rendered unnecessary. Porous blocks of 
salt, Jfornied by pressing together powdery salt whilst damp, are 
treated s\ith tlie gaseous mixture at a tempei'ature of 50^^^ C. The 
iisaction is cx^tremely slow, and not only the Icunperature, but also 
the proporti(fn of steam and air, requ^o ean^ful regulation. At the 
end of a few weeks, the cake of salt has Ixaai com]U('tely conveited 
to sodium sulphat^^. * 

It is found that the reactivii is accel^rat(‘d somewliat if the oxide 
of iron or copper is |)if‘senttis a catalyst ; it has tim’efore became 
customary to introduces saMs oi iron or copper into (ho chmi]) S 4 )dii 4 m 
chloride before it is pressed into blocks. ^ 

SSdium sulffhate is commonly known as “ salt-cake,” bnaccount 
of th(i tendency of tfte salt to calce together to* a hard mass. It is 
used, to sumo considerable oxtt/it, in glass -making ; it is also the 
source of sodium sulphide, whilst the hydrate (CHauber’s salt) 1 ms 
a limited use in mcdiciye. 

Sodium splphide is made by heatitig sodium sulphate with coTll, 
or coke, in a revolving furiface. 

Ila^SO^ + 4C = Ka^S + 4CJO. 

After the reaction is over, the furnace is discharged, and the black 
mass extracted with water ; tjie solutioji is separatee! frohi the 

M.O.— VOL. II. 
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excijss of ‘iSrd then evaforated until the amount of water 
remaii'Iing fs less'Hhan thjEit corresp6l'iding t(? Irlie ’sdCid hydrate 
Na2S.9H2(). The liquid is then allowed to run into <^f-ks or drunas, 
in w^ich it solidifies. It is employed c^^isidferably in the prepara- 
tion! of “sulphur dyes,” and also ia tanneries for rempving hairs 
from the hides. 

hi c: 

Porax or sodium borate (N^2T^4^7 ldH.^Q) is anod2er sodium 
eompound madfi^ oc^i ili very large scale ; tli6 conx^Jbnest method 
depends on' the decomposition of naturally occurring calCiurq 
borates with a 4^oiling solution containing sodium carbonate and 
bicarbonate. i\fter removal of the precipitated calcium carbonate 
by filtration, the liot solution is run into tanks, in wliichifhe borax 
crystallizes out in glittering crystals. 'Phe anhydrous salt (borax 
glass) is obtained on igniting the hydrate^ ; it is used as a constituent 
of many glasses, enamels and glazes, and finds employment in 
'.netallurgy as a flux. * 

The chlorate and' perchlorate of sodium are used to somo 
extent for the same purposes as the corresponding potassium salts, 
and are prepared by methods analogous to those which will be 
described in the section on potassium. They are naturally cheapiT 
than the potassium salts, but, being more soluble, are less easy to 
prepare in a pure state ; moreover, being more fiable to absorb 
moisture, they are less suitable for many purposes, such as match- 
making, although quite useful for th(‘ manufacture of aniline hlack 
and similar substances. 


Fa(*ty Salts of ^Alkali -metals. Soaps 

»Soay)s consist, essentially of the sodium or yotassium salts of 
various fatty aends, or mixlures ot such salts. I lu'y ai'c manu- 
lactured, as a iule, by tjie action of ca'ustic soda upon fats, which 
caR bofTcgarded as the glycerine salts 4»f tlie fatty acids in (juestion. 

Glycerine is an organic hydroxide, CaHg^OHla, which interacts 
with acMs such as 

* i\ 

Palmitic, acid . . CuHgi.COOH 

Steqric acid . . ’‘CiyHa^.COOH 

to^rm ^alts. ^ 

e Giyceryl palmitftte . C3 H,(COO.CijH3i)q 
G lyceryl stearate C3H;(COO.CnH3*)3 

These salts are often deferred lo 4s the “ glycerides ” of palmitic 
and stearic acid^ respectively. 

Thedat df the, hog, sh^jop and ox contain both the glycerides 
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just mentiqned, together wit^ an '* i^nsatura^ed ’^glyceride deiived 
from oleic aci(?^, ah acid cdht*kining less ifydrogen than dearie acid, 

Glyceryl okate# .. €3115(000.0171133)3 

The supply of animal fats avjfilable,for soap-making is, however, 
comparatively small, and It is necessary to rely largely ^lpon ve^- 
table oils, ^uch as cv>c©a-nut, palip-kernel, and cotton-seed oilsj^as 
raw material!^ in soap-boiling. In additiont fari^iis oils derived 
fish have been brought into use. All thesi", subsljlnces^, which 
arc liquid at ordinary temperatures, contain a large proportion of 
“ unsaturated glycerides,” and in general yield soap of some- 
what softer consistency than that given by saturated glycerides. 

When a glyceryl salt of a fatty acid is heab^tl with caustic soda 
solution, “ Haj)onification ” takes place. ^ The sodium hydroxide 
displaces the glycerine and the sodium salt of tlu‘ acad in question 
is formed. •Thus'caustic soda boiUdwith glyceryl stearate prodiiccif 
sodium stearate and glycerine. From the §,q«eous solution of soap, 
made by boiling fats with caustic soda, the solid soQ.ps can be 
obtaineck by the addition of sodium chloride (salt) to the liquid. 
The concentration of sodium ions is so much increased by this 
^^Idition thatihe limit of solubility of the sodium soaps is exceeded. 
In consequence^ the soap separates out almost entirely fron^ the 
solution. 2 The glycerine was at one time allowed to siiparate 
witli^the soap, and this is still the practice.' in the preparadon of some 
“ toilet s(\‘ips ” ; but, in general, glycerine is now considered too 
Valuable .1 doyi pound to be wasted, and is recovered fiom the 
solution aft(?r the soap has been separated. ^ 

The process of soap-boiling is not complicated. The fat, pre- 
viously melted, aiwl the caustic alkali solution are rini into a large 
tank or ” soap-kettle,” whif h contaiifk coils tijrough w hich steam 
is passed in order to^ieat the mixture to^ boiling- j7»)int. ►'‘ftcjfni is 
sometimes driven dir(?ctlf ir^to the liquid to promobi the giixing. 
When the saponification is complete, salt is %dded, w'hich causes a 
separation of*the soap from the jjqueous solution ; the soa^), which 
is liquid an^ lighter than the solution, risi'sdo the top, and the 
watery liquid, which contains ^cess of caustic soda, along with the 
sodium cWoridc and most of the glycerine, can Be drawn out from 
below. Usually, howe^ier, the saponification is still incomplete, 
the soap containing some undeconiposed fat. I^ is * customairy , 
therefore, to boil it with a further quantity of capstic soda, until 
this fat also is saponified. The soap is then boiled with wat^r, 

^ For thooi^ of saponification see M. H. Norris and .).*W. McBain, Trans. 
Chrm. Soc. 121 (1922), 1362. • . 

‘‘‘‘ For theory of salting out see J* W. McBaiA and A. .h Burnett, ibid. 132Q. 
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anct^is finally ruft Violten into frames where it solidifies ; afterwards 
it .is cdt int© bars 'it cakes by machineiy.« * ' * / 

Yellow soaps contain a certain amount of “ rosin, «a substance 
whic^ is cheaper than most fats. It' is jtot to be regarde^. entirely 
' as a elilueut or adulterant because it is itsetf capable, to sgme extent, 
o^^ponific&tion. Many soaps contain sodium silicate ^s a “ filler.” 
Toilet soaps are especially carefully prepared, as to be as free as 
possible from ui^cotY.biiicd alkali ; any hydroxide tJjH: may remain 
is usually coMVerted^to carbonate by treatment with carbon diof ihje. 
Sometimes, uns^ponified oil is incorporated with the soap, which 
fulfils a similar function in reducing the alkalinity. 

The glycerine of the alkaline liquors from soap-mal^jng is in 
general recovered, but a certain amount is always lost. During 
the war, glycerine acquired a very considerable importance for the 
manufacture of explosives, and the methods of soap-making were 
regulated so as to enable the maximum quantity of glyv’crine to be 
recovered. One general ^nethod is to break up the fat into the free 
fatty acid and glycerine by suitable treatment, and afterwards to 
neutralize the fatty acid with alkali, 'so as to obtain soqp ; this 
procedure also enables the maker to employ sodium carbonate in 
the place of the more expensive hydroxide as the source of alkali. ^ 
Various methods have been used at different tiiqps to break up 
the fats into fatty acids and glycerine. Superheated steam* aloni^ — 
if introduced under considerable pressure and temperatu];e of 
about 160-180° (k— is capable of effecting the hydrolysis. It is 
preferable, however, to use an acid as a catalyst, siixii^ it is then 
possible to work without excessive pressures, and yet Co carry out 
the hydrolysis nfore quickly tRan with steam alone. In the I'wit- 
chell process, which is largely ifsed, the fat isjioiled with dilute 
sulpho-benzene-stearic acid ('or some similar acid) for a few hours. 
Afterwards the#, product is allowed to soparatv; into two layers, the 
fat^y qpid above, and a watery layer cmitaining, glycerine below. 
The boiling must be cqpducted in a vessel from which air is excluded ; 
otherwisi? dark-coloured products arc formed. There is no (h*fabt 
that the true catalytic agent in the^Twitchell process is the hydrogen 
ion. All acids are capable of calling the hydrolysis of organic 
bodies of this chaiacteO*. The special virtue of the complex organic 
acifes* employed in the Twitchell process is that, by the use of such 
reagents, the mutual solubili^ of the oily and watery phases is 
increased.^ ' , 

'The splitting ” of the fat cail'be also brought about by means 
of certain organic catJilysts known as “ enzymes.” Many fats 
decompose into glycerine and the fatty acid spontanduusly in the 
^ Briner and A. Traiopler, Helv.^ Chim, ActUf 5 (1922), 18. 
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presence of these enzymes. Butter, for ins^ancfc^ls well knovift to 
become “ rancid ** if keplt^tcio long, becafrisc — owing to the presence 
of an enzynie— one of the fatty constituents (glyceryl, butyrate) 
hydrolysjfs into glycerine*.and butyric acid, the latter subf^ance 
possessing, the well-known Unpleasant taste and smell. • An 
analogous spontaneous hydrolysis o( fats in the presence of a stat- 
able enzyme (“ lipast ”) has been employed on a eonsiderf^ble 
scale for soaf- making in Germany. 

the Krebitz process of soap-making ^ which** iff worked at 
Chicago, calcium hydroxide is used to decompose the fal:. This 
yields the sparingly soluble calcium soap, which, after washing to 
remove ^11 the glycerine, is d(‘composed with soSium carbonate ; 
insoluble calcium carbonate is precipitated,* and sodium soaps 
remain in solution, and may be " salted out ” by the addition of 
sodium chloride. The advantage of the process is that practically 
all the glycerine is recoven^d. , 

Soap powders ” usually contain, 4>e^ides soaj), anhydrous 
sodium carbonate (soda ash). One of its functions see^/us to be to 
absorb any moisture that may fiiul access loathe mixture, and thus 
to prevent the particles of soap from sticking together ; it also, no 
•loubt, servef? to soften the water. 

The^y of Detergent Action of Soap. The reason why •soap 
possesses a unique value as a cleansing agent has long been a 
subj f.t of speculation. It has for many years been known that it 
.possessed sojtit; power of loosening the lihn^of fat or grease which 
allows '■ dii^t to cling to a surface. Formerly t he grease-solvent 
power of soap w^as ascribed to the alkaline r(‘actio« of the solution ; 
it was ])oiuted out tliat other j^kaline solutions, such as those of 
anmionia or borait, also possessed a pow'er of removing certain fats. 
This explanation, )jowa‘veif^, is clearly WTong ; the fat-solvent 
})ro])ertics of strong ammonia, for instan«e, is dueV) the tact that 
it attacks the fats ^)rming an ammonium soaj). The al^aliliity 
of .7,oa]^ soli^ions is, I'owever, due to the brkak up (or. hydrolysis) 
of the soap itself yirough dilution with water ; and it *is almost 
inconceivalrle that (^Jie alk.ili^thus formed t^hould at the same 
dilution — l>e able to decom|}*Tse further fa^t, forming fresh soap, 
and thus* reversing the hydrolysis reaction. Sloreover, soap^ re- 
moves many substance^, such as mineral oils, which-arf vmatfacked 
by alkalis.. 

The fat-removing power of sp^ip is now known* to be due to^its 
emulsifying properties. When soap solution and an oil arh rubbed 
together, tiie fat becomes subdivided into minufe partiflws which 

1 G. A. Wrisley, J.Jnd. Eng. dhem. 8*(lj;n6), 132. 
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remgiin suspenddti tlje soap solution. The relative ease of forma- 
tion and the stahiity disp{aye& by erhjiHons formed ifi soap solu- 
tions — as compared with those obtained by shaking oii vyith ordinary 
water — is to be explained by the abnor^tally low interfacial tension 
betviten soap solution and the oil ^ ; it is tl) ought that one important 
factor is the formation, upon the surface of the oil globules, of a 
protective skin, which prevents them from coalescing. In addition 
it 'appears that a gr^ap solution exerts a true solvyjftt Action upon 
certain substances (e.g. paraffin) which are quite insoluble in watej.- 

The colloidal character of concentrated soap solutions has already 
been discussed in Chapter VIL 

Softening of Water. The fatty salts of calcium and magnesium 
are insoluble. This* is very unfortunate, since most waters contain 
soluble salts of these metals. Consequently Avhen soap is dissolved 
in ordinary water its fatty acids are at once precipitated as calcium 
,and magnesium salts, and no “ lather ” can be obb«.ined until 
sufficient soap has been^ dissolvcui to react with the whole of tlu^ 
calcium and magnesium pr(‘sent. Cons(‘quontly, before water is 
suitable for laundry work, it must be softened.” c 

The solul)le salts oV calcium and magnesiinn whicln are found 
in water arc the bicarbonates and sulphates. The‘ bicarbonate^ 
arc decom})osed liy boiling, carbon dioxide being e^"ol\Td and tlui 
insoluble normal carbonates being precipitated. Thus the hard- 
ness due to bicarbonates is called “ temporary liardrms ” and can 
be removed by boiling the water. Another way of dispelling 
temporary hardness is^ to add the proper quantity pf •milk of lime 
to the water ; the hydroxides yeacts with the bicarboiihte yielding 
the normal carbonate again. In some towns where the water is 
so hard as to be injurious even for drinking purposes the whole of the 
public supply is softened with lime in this way. The “ penn/ment 
Imrdmss'' due to the presence of the suCphaths, is not dispelled by 
boijingor by the addition of lime. It is rimoved by adding sodium 
carbonate to the watyrs, which prcci])itates the calcium and mag- 
nesium present as insoluble carl)onates. 

A certain amount of water is*now softeru^d by the so-called 

Permutit ” process*; the wate^i is allowed to pass through 
vessels containing <a la’yer of solid “ zeolites,” or hydrated silicates 
of kodiurn and aluminium. Double deconi])ositioM occurs.'’ Cal- 

A. Shoi' or and S. Ellingwortli, Proc. Roy. Soc. 92 [A] (1916), 231 ; 
R. T. A. Mee.s, Chim. Weekblad, 19 (1922), 82 ; E. E. Walker, Trans. Ghem. 
S6t. 119,(1921), 1521. 

* S. U. Pickering, Tran». Ghem. Soc. ][11 (1917), 86. n 

* For 'i-heoreticaL details of the change see A. G. Schulze, ^eitsch. Phys. 
Ghem. 89 (1914), 168 ; ^ Zeitsch. Klektrochem. 26 (1920), 472 ; V. Rothmund 
and G. Kornfeid, Zeyfsch. Anoxy> Ghem. 103 (1918), 129. 
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cium takes the place of the sodiuht in the,zeolifce* aftd'the water, 
after the trerftm«5nt, contiiiVs harmless podium falts in.the place of 
harmful ca'cium salts. When the zeolite has absorbed a large 
quantity of calcium, ^ndls consequently becoming less effective, it 
is possiblt; to re-actify it by tn?atment with a concentrated silj^utiont 
of sodium (;hloride ; the* reverse action occurs, calchtm bein^ re- 
placed by sodium. % 'Jihe zeolite can then be used as a water-softener 
for a considerable fiu’ther period. 

spite of the success of this and similar softeming processes, 
the discovery of some cheap fatty acid, having a solubh? calcium 
and magnesium salt, would be extremely welco*me. The sodium * 
salt of ^ch an acid would constitute a soap whfch could be used 
effectively with hard water without any pnivious treat rfient and 

without the employment of sodium carbonate. 

• 

• Industries based upon Sodium Nitrate 

• ® 

Although sodium nitrate is not used, to any great extent, as a 
source^ of sodium coFn[)oifli(]s, tln^ chapter would b^ incomplete 
if some refenmee was not mad(^ to the iui^iortant industry which 
d(‘pends on.t.diili saltpetri'. as raw material, calicdie, or crude 

nitrate, contains, as it is miiu'd in Chili, a great deal of insoluble 
materfal, stones, sand and clay, as well as sodium chloride, Various 
si^jphates and i\ trace of sodium iodabr It is sulqecttHi to a rough 
refinmg in Chili. ^ The caliche is ('xtracted with boiling water in 
tanks lifted with false bottoms, and the s(#Iution is drawn off from 
the coarser insoluble constituents ; it passes through settling tanks, 
where much of the lighter irnpuriiSes, which haVe been carried off 
in suspension, settle to the bottom. Jt is often found, however, 
that many of the particles, being r>f colloidal size, do not settle, 
and the problem se])a|’ating the lighter clay ])^irticles ^s pot yet 
entirely solved, altjiough the installatfon of continuous filtration’ 
plants is said to have givaui fairly satisfa(;tory rcsiflts. * * 

’’ The liqiPid finally pass(‘s into cr 3 ^stallizing tanks whvre the nitrate 
crystallizes out ; the product f>btained still contains some chlorid^, 
but most of the iddate - wh jfih is of importance as being the prin- 
cipal source of the world’s stipply of iodirn^ — remains in the mother 
liquor. 

The nitrate thus obtained is shipped to couiitrvs* where it is 
required,’ a considerable quantity coming to En^and. It*is, of^ 
course, mainly employed as* a nitrogenous feMlizer. Nitrate is 

• 

^ I. B. rffobsbaum and J. L. tjirigioni, J. Ghi^n. Ind. (1917), 52. 
See also F. G. Donnan, “ Report on Programing ot Investigation for the 
Chilian Nitrate Industry ” (1921) (Chilian^Nitrate Commiitee). 
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probablj' suitable fom of nitrogen for unlimed soils ; for 

calcareous sj[)ils, salts (j>f aAimoniaVa^je, thougkt Jd ^ive better 
results.^ In wet weather sodium nitrate possesses the disadvantage 
of being washed away by the rain ,mojc qViickly than ammonia 
,salts\, Sodium nitrate is a more rapid fertilizer than ammonium 
sulphate, bgeause^ — under ordinary conditions— the ammonia has 
to' be oxidized to nitric acid, by means of bacteria existing in the 
soilf, liefore it can readily be assifiiilated by the pla^ may be 
mentioned Ij^e^e' that calcium cyanamide, another nitrogcuQi^s 
fertilizeiv, is slower siill in action ; it probably passes through two 
' stages before becoming active, first being converted to ammonia, 
which in turn gives rise to nitric acid. 

A considerable amount of ('hili saltpetre is used for the manu- 
facture of nitric acid ; for this purpose it should be as free as pos- 
sible from chlorides. The nitric acid is produced by heating Chili 
saltpetre with sulphuric acid. As in the case of the nnpufacture 
oT hydrocliloric acid, two stages are possible :■ — 

NaN03 + H,S()4 - NaH804 + HNO 3 

' NaNOa 4;. NaHSO., - Na'vSO^ + HNO3 

But the second stage requires a very high temperati^re for com- 
pletion, and, in any ease, produces a substance (NaoSO^) which has 
an inconveniently high melting-point. In the practical •'manu- 
facture of nitric acid, therefore, the main bye-product is the bisul- 
phate (NaHS()4) mixed with its anhydride (Na2S.,07). 

The operation is carried out in iron retorts heated in .a furnace ; 
the nitric acid distils off and condenses in pots, the Ta^t' portions 
being absorbed iina tower. The mixture containing bisulphate is 
taken out of the retorts in the molten condition, and when solidified 
is known as “ nitre cake.” If- has an acid reaction, and is used 
where a cheap acid liquor is required.^ During’ the war, when 
•sulphuric acid wi^s scarce, it was used, in tj^e place of that acid, in 
the manidactine of hydrochloric acid aiki also in the manufacture 
of ammoniuqi sulphat/. Nitre cake has also been employed 
the treatnfent of water. In spite# of v<arious ♦ suggestions, 2 the 
problem of how to utilize the bye-proc^uct has no^. fully be!cn solved. 

Nitric acid is, of court^e, largely used in the manufacture^ of high 
explo^slves and of Sie intermediary substances required in the 
preparation' of ^dyva. A great deal is now prep 5 -red from atmospheric 
nitrogen, either, through direct Hjombination of the nitrogen and 

1 J. G. liipman and A. W. Blair, SQ:il Sci. 9 (1920), 371 ; C. E. Thorne, 

Soil Sci. 9 {1920), 4S1. ‘ * ’ ^ 

2 J. Gro8si?iann, Jj Soc. Chem. Ind. 35 (1916), 155; 36 (ISTiV), 1035; 
W. H. H. Norris, J. Soc. Chem. Ind. 40 (1921), 208r. 
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oxygen oi tne air eiicctea by mea»iA of thc|elccti^ arc/or by, the 
oxidation yl rmmbnia, w];ii<ih may ^tsel| be prol/iced Jrom »atmo- 
spheric nitr(>gvin. In spite of the success abroad of the last-meh- 
tioned method of fi:fing#atnaosphcric nitrogen, the manufacture 
of nitric^ acid from Chili salt^petre is likely to continue ir>[this 
country for many years to come. * 

^j^iLineral. A brief reference was made to the condition of matter 
known as the “glassy state’' in the introcfuction. It 'will be 
necessary to recall here the main points of our conceptions of that 
state. \Jhen a fused salt is cooled flown below a certain tempera- 
ture (the freezing-point), crystallization commences at* certain 
places within th(> mass, and extends outwards from these points 
until the whole is solid ; l^he process of crystallization apparently 
consists in j:he atoms arranging themselves in orderly array accord-, 
ing to some definite and specially stai)le arrangement . If, however, 
the fused salt be already viscous at the tem])erature ii-j cpiestioig 
the process of crystallizatic^i f)ccupies a considerable time ; and, 
if the salt bo cooled down quickly through fhe freezing-])oint to a 
(pw temperature, at which the viscosity becomes very high, crystal- 
lization may b^' avoided altogether. We thus arrive at a “ glass,” 
a mass^n which the atoms and molecules (‘xist in “disorderly” 
faslnon, as in a liquid, but which possesses a rigidity comparable 
to thai of a crystalline substance. At fairly high temperatures 
•at which glass is “ soft,” it is correct to regard glass as an (‘xtremely 
viscous liquid ; but it is probable that at low temperatures the 
molecules lose almost (completely 1;h(‘ir translatory ” motion, 
and link up with ync another in a network of chains of more or less 
permanent character, thus accounting for the rigidity of the 
material.- A glassy* solid idiffers from a erystalliye solicUoidy in 
the fact that tht' attorns #(.)r molecules art' not arranged according 
to a definite plan, on a .‘qiiace lattice. The ^structure of a glass is 
coVhJiarable that of a “ gel." IVobably “ solidified glass l)(‘ars 
tlu! same sort of rclr tion to, “ ttised ” glass Jis a “ gel ” does to a 
“ sol.” 

We may expect to obtain tlie glassy state nwst (jasily in compounds 
which are viscous just above their melting-points. The siliciites, 
the borates, and the phosphates are compounds qf'thts chara(^ter. 
It has already been state^ that anhydrous borax coolM down fairly 
quickly hardens to a clear glaisS, and the same true of many 
, • • 

* W. Ro^ihain, “ Glass Mamifriteturo ” (Conslahlo). ^ .. 

^ M. W. Travers, Trans. Faraday Soc. 16 (1021), ApjJbndix, p. 02. Com- 
pare C. V. Raman, Nature, 109 (1922), 138. * 
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siliffjites and plWjphatesA NoV, if instead of ^taking one single 
silicatl), we#takc*^ mixturf of two orVhree silicjfteY we naturally 
depress the crystallizing-point to a temperature a# which the 
viscosity of the melt is infinitely greatdP thSin at the cry^^tallizing- 

• poiiiA of a single substance, and in^siich /^.ases it may jie possible 

to cool thw mixture exceedingly slowly nnd yet to obtain a glass. 
In fact, if the composition of the silicate njekj be chosen rightly, 
it should be possible to keep the^glass produced at a«<'omparatively 
elevated temperature for hours together without any perccpf'yjgj^ 
crystallization (or (ievitrification ) occurring. Class w})ich is to be 
of practical utili't'y must, in general, be capable of being “ annealed ” 
without appreciable devitrification ,2 although it seeing possible 
that even in the b^'st glasses minute crystals may commence to 
form if the annealing is continued long enough.-’ in inferior glasses, 
devitrification occurs more easily, silicji })cing the substance dc- 
j-iosited in most eas<'s. Certain glasses which deviti^fy sponta- 
neously arc, bow ever, ,])urposely made for us(? where a semi-opaque 
substance is desired ; ina.ny of the “ milk-glasses ” are of this 
character. * • ^ 

A glass has, of coiA-se, no definite melting-point, but it is con- 
venient to siieak of the softening-point ” of a gl^ss, by whicji 
is meant the ternjierature at which the glass begins to “ flow ” 
percqitibly under the influence of a small force, such aif that of 
gravity. It is probably not an exact physical cpnstant. In^lced, 
glass can b^ said to flow slowly at ordinary temperatures ; for if a 
long piece of soft glasc tulnng is allow (^d to lean against a wall for 
some time, it is found to lose its original straightness.* 

Unlike a crysftil, a glass has no ch-avage planes, or directions of 
especial weakness ; it is probably ftpon this fact t^iat the mechanical 
strengtli of glass— as contimtcd with^an aggregate of crystalline 
silicf^e^- depei^ds. « * 

Glassy substances are* frequently mc^4 with in nature and in 
industry, itie si!icai(^ rock-magma which, when cooled slowly 
deep in pi# earth’s crust, yields the crystalline rock«granite,*pro- 

• duces the glassy la\^i rhyolite whfn ooolcd qiflckly on the earth’s 

surface. ]\lan 3 M)f tin* Jiilicate mixfi^-es (“slag^ ”) whicli pour forth 
from furnaces dui'ing* metal lurgicaf operations cool to .masses of 
glafisy character. ^ 

^ommerctar glass is essentially a mixture of silicates in pro- 
portions chosTm to render the gtassy state f^able under the conditions 
to whiejh the nfaterial is to be ^tibjected. The silicates present 

• * ^ • 

' CfTnfpare E. JiittJ, Zeitsch. Anorg. Cheni. 77 (1912), 335% 

2 N. L. Bowen, J^Amer. Ceram. Soc. 2 (1919), 261. 

■'* Sir If. Jaeksejl; Trans. J'\iraday So^-. 16 (1921), Appendix, p. 61. 
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are normally those of sodium (or pdfassiunQ and l}al(?iutn,'hut,the 
presence oi le^d, ^iluminiivrVmagnesiui^, bariuri/and ;finc may be 
desirable in order to give the gla^ife the refractive index, softening- 
point OT^ coefficient di e^^ansion suitable to the uses to 
a particujar glass is tp be «put. Iron is often present an* 
important constituent, since it oi^curs in most of 4^he che.%ger 
raw materials empJoyed. In addition, it may be convenienb—in 
order to oI)t^in the required pro{)erties — to^h^ye borates or pAos- 
njjj^es present in the mixture. Certain substahocii, manganese 
dioxide, sodium nitrate, arsenious oxide or selenium, may be added 
to prevent discoloration of the glass by undesirable impurities ‘ 
(such a.^ii’on or sulphur), or to mask the coloui' where it cannot 
bo prevented. In other cases, where a coloyred glass is' desired, 
small amounts of colouring substances may be added, whilst, if a 
semi-opaque glass is to We j)repared, the mixture may contain an 
opacifier. ^ These points will be considered in further detail at a 
later stage. 

Raw Materials. (Hass is always made by juelting together a 
carefuliy proportioned mi.’^ture of the necessaiy consfituents at a 
high temperature. The glass mixture or “ Watch ” usually contains 
9 ,silira in thef form of sand ; for most glasses (and especially for 
optical^lasse.«^ an extremely pure quartz sand, with low iron content, 
is desired. Before the war, most of the glass sand used in this 
coiwitry was imported from Holland, Belgium, and France, but it 
is known that there are many British sands — notably at Aylesbury 
--of suitably quality.^ Sodium or 'poias,fiiim may be added as 
carbonates^ Unless the glass is to contain lead , however, the sodium 
is more often added in the form of the sulphate,* which is cheaper. 
Whore the sulplyite is employed, coke is also added to the charge, 
and, on melting, the sulphpte is reduced to sulphite, and the volatile 
sulphur dioxide is ifien e:#j)elled by the silica, sodium siliaati being ^ 
formed. Potassium* is Sometimes added as nitrate. Alumdnium 
may be added as hydroxide, or as kaolin (j^ydrateef silicate) ; but 
in commoif glasses it is often added as granite or bas.^dt^iron being 
thus introjluced iifeonsiderablS quantities iiito the batch ; in somu 
finished glasses foi?nd to eon/ain aluminium, it is clear that much 
of this ajiuminium was not added intentiontWly, 4)ut has been derived 
from the fireclay of tli^‘. pots or tanks. Calcium may be^ introduced 
either as carbonate or oxide, usually as earljonsffte, magnesium 

and zinc generally as eweides. Lead is almost always added as redn 
lead ; as there is a danger of*lead being reduced to tl\p metallic 
state, it is not dnusual to include* potassiifm nitrate, as an oxidizer, 

^ P. C. H. Boswell, “ A Supplementary Momoii* on British Resources of 
Sands and Rocks used in (llass Manufacti|rc ” (Longmans). 
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in a, ^ glass batch' bpntaining lead. Borates are ir^troduced as boric 
acid or borax. reqniiyd, one of decoldriz^rs mentioned 
above is added. Usually the natch contains a large quantity 
of ci(JJet or broken glass from a previous,*operation, which p-cts as a 
* flux the less fusible constituents^ It i 4 S generally ne(;essary for 
therinateriakS of the batch to be finely ground. , 

lyielting of the Glass Mixture. In tlicvdder glass-works, the 
batch was mcltqd 8’b\^fn in fireclay pots, and pot fuffiaces are still 
used w’here '^Amparptively small quantities of high quality 
are needed, e.g., for optical purposes. Where large quantities of 
ordinary glass are required, it is now usually melted in large tanks 
lined with fireclay, set in a gas-fired furnace, arranged so# that the 



t fro/77 ^ 

Producer 

Fk;. 10. — The li('j.,a’i)crativ(' Sys((‘iti of l<]oonoiiiv. 

flanihs (?£ burning ])roducer gas play o\^*r the surface of tlu'. glass 
in the tankfi A ‘‘ refjcjteratii'e " glass fumade is sliow/ii diagrJJ^n- 
^matically in Fig. 10 ; the glass bafeh js contaificd in the tank T, 
whilst the producer gas and air ei^ter resperftively tfirough the 
chambers D and containing bric^iv chequer- work, Vvjiieh has 
pre\gously been heated. They thus entei- the furnace proper 
distinctly littf;, 'and, on mixing, burn, causing a temperature of 
^l,4O0°C. abov\^ the glass ; the* burnt gases pass out through the 
chequer- work chiftnbers A and B. • ‘After a time, when the brick- 
work in A and B has become vt4y hot, and that in C and D has 
become (Joftled to 41 corresponding extent, the direction V)f the gas 
is altered by means (ff valves and Vo, and the gas and air are 
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allowed to flow in^ through tlie hot* chamber^ A iyiR D, whilst tjiey 
flow out thro^gh^ C and dV This regenerativT/” sy.^em effects 
a great savi»g of fuel. ^ 

An aH^rnative syst^n o^, fuel economy, known as the recuyera- 
live ” system, is coming into» use. The principle is sho^Ji in « 
Fig. 11. Tl^egas and airJbefore entering the furnace ]3gss thro^^gh 
tubes, and the hot Vas^tc gases leaving the furnace pass out through 
the space surrounding these tubes^, thus prel’/'c^ting the gas andliir 
w^Jl^h are entering. The periodic operation of valf e« is not, in the 
^ recuperative system of heat economy, needed.* • 

The character of the refractory materials used for lining a glass 



furnace is most imporTaiiFr mere is no oiincuiiy ifi lindtng^ub- 
stances whi#h remain*unfus(‘d at the temperjrt.ur(5 in question (which 
is distinctly lower tiian that^of i#steel furnact'), l)ut there is a danger^ 
that the lilting ma^i* actually interact with tlie molten silicates. If 
the refra^ctSory were decidedly acid, or deculed^y basic, interaction 
would occur. Fire-clay, liowcver, being a comparatively neutral 
material, can be used with satisfactory results for tile j^ai^s or pots, 
and for parts of the furnace with wHich the glass is likely to coiiie in 
contact ; silica bricks must, lor structural reasins, be employed 
for the crown of ^he furnace. Refractory materials differ v^ry much 

^ VV. (t. Trans. Soc. Glass Tech. 1 (1917), 1 09; W. Kosciiliaiii, 

Trans. ISoc. Glass Tech. 1 (1917), 130. * 
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fropa one anc^thA'-^in th^ way the/ are attacked by the glass. Some 
become evc^^dy worn away others are 'attacked Icfca^ and become 
pitted ; as in the corrosion of nletals, it is this last type of attack 
whi(^ is especially serious. ‘ 

• IXi mixture must bo thoroughly meltied, a process .occupying 
10-»12 hour«(5. If sullicient time is not allowed, the pieces of un- 
melted material remain as “batch stones ” drv the finished glass; 
“ sWies ” may, ho^\V-eY(-r, be prociuced in other ways„ for instance, 
through fragments of the pot or tank lining becoming looseneck^ 
erosion,' or through fhc falling in of pieces of the brickwork covering 
the furnace.^ 

The first portibn of the melting usually involves frothiijg due t( 
evolutio'ii of carbon dioxide or sulphur dioxide. After this liai 
subsided the glass is usually stirred with lire-clay stirrers so as to 
obtain absolute uniformity. Samples are taken out at intervals 
and examined foi- clarity and workable }a’o])erties. Considerable 
dilliculty is often expmenced owing to the retention of bubblers 
in the glass, and it is generally necessary to raise the tempera tiu'c 
during the fatter stages of the process, dn order to render tjie glass 
more fluid and thus ‘hasten th(i rising of bubbles. Where the 
bubbles existing in the mixture arc small, they rise. ])articularly, 
slowly, and various devices are used to free the glt^ss from small 
bubbles. One method, mentioned by Kosenhain, consists ifi intro- 
ducing a potato, by means of an iron fork, into the glass. The r^nid 
upward rush of large bubbles from the potato carries to the surface 
the small bubbles previously existing in the glass. When the batch 
is absolutely clear and uniform in composition, the glasses ready for 
use. • * 

It lies outside the province of thk book to describe the means liy 
which tlie glass comes to asi^ime the yarious sha])es Avith which 
we arf l]giniliar. ^ It may, however, be lueiltio^ed that bottles are 
' produced on an enormou.^ scale by meani' of, a machine in which 
Hmah pdttions^bf hot glass are blown by air pressure into the interior 
of a mould af appropriate shape. Wide-mouflied botttes, and f^so 
jglass tumtlers, are made in a ratlftT different ^nachine, the glass 
being pressed into the njould by meaps of a plifliiger, altliough here 
also the shaping is completed by air pressure. ' r 

M^ndow glass is obtained by blowing a huge pear-shaped 
bubble of glftss, tone end of wjiich is cut off, the mouths being 
^widened until it assumes the form of a cylinder open at both ends ; 
thet;ylin(Jer is slitlengthwise with^tongs, and flattened out by rolling 
on a hot^fire-clay slab. *On the other hand, plate*'gla^, used for 

^ J. Bowen, J. Ame^. Gerarn. Soc. 1 (1918), .'594. 
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large winaows, mirrors and gmss shelves, is inad^Sy podrmg glass 
on to a flaf t|bl«*and ro^ir^^ flat \ ' af ttjr anneaqjig, it^^ is ground 
to the required thickness and perished. Continuous methods of 
produciijig glass in sheets Are coming into use.^ In one American 
process, a continuous sheet of glass is drawn from a pool of n^ten , 
glass in a compartment c^'the melting-furnace, and }:|^issing i^ a 
plastic condition Hvtu* a roller, is carried forward horizontafly 
through thT^ annealing “ lehr ” ; f4ie rate of ^trjivel is about 2 t8 6 
fej^per minute, according to the thickness of thS Jili^et which is 
^ being made. • • 

Annealing. Whatever shape the glass may liavc been forced 
to assum^, it will always — if cooled quickly be in a state of internal 
stiess. The glass will generally be in a state of comiaessioh on thi' 
sui'face, which must have cooked and stiflened whilst tin* interior 
was still hot and soft, anef in tension in the innei’ portions. Tlu'se 
stresses hii^c been shown to exist in quickly cooled glass by ai^ 
optical method. 2 The internal stress by jtt^^lf may be insufficient 
to produce an effect on tlie material, but the smallest blow may 
cause a^slight additional stfess which will brijig iq> the* total stress 
above the “ maximum strength ” of the gfass, and fracture will 
yeeur. Thu» the glass iji this state is brittle. It is necessary, 
thei’efore, to /v^neal glass for some hours, that is to heat it a little 
below Jhe softening temperatures for some* considerable time,* and 
tlieg allow it to, cool slowly. At the annealing temperature, the 
molecviles possess suflicient translatory motion to prevent the 
• retentio! I ^of* internal stresses, and tlui glass ♦ebtained after the slow 
cooling is fR'c from undue fragility. 

Quickly cooled glass, liowe\'cr, alTliough in a .ftate of strain, is 
often extrenudy l^ard. I>y ])res.‘^iig glass whilst in the [)lastic state 
between metal jilates, the s;irfac(‘ of ihe slabs produced b(‘comes so 
bard that it can scarcely lie scratched witli a ^diamon 4 i. * 'rins 
variety of glass. is us**(l i« the |)re])aratioti of cellar-lights. ' The 
cause of the special har^i(;ss of pressed ^lass refjuires^further 
inv^btigatioft. * 

Composition ol^ Different Glasses.'* 'Jilie proportion of the- 
different ingredients is choscj» according to the purpose for which 

• • • 

1 E. W. Tillotson, J. Chc?n. I7ul. 40 (1921), 155T. Compare W. S. 
'I’urner, J. Soc. Chem. Ind. 39 (1920), 43 1r. * . • 

* See also R. L. Frink, Eighth Int. Coi9g. App. Chem. (f91i?), Vol. V, %1. 

® The percentage compositions given are only approximate, and are set 
forth simply to show the sort of pit>portions in which the different oxides 
occur. Much infeymation regarding fhe comptsitiou of glass is given by 
A. B. Sear)^ in Sect. 73 of G. Martin's “ Industrial Chemisti^i^i' (Crosby 
Lockwood). But the theoretical views expressed thlit work, founded on 
Asch’a theory, must be accepted with caution. 
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Boh-'T/iian glass, which is used^for hhllow r/arc, containsrpotassium 
afj'l^he maif. alkali-metal, and may have‘the composition, 


GiO, 72%, NaX)ji%, K,0 CaO 11%, Al,03 -{-¥6,0, 1%. 

Some aiithoi’ities consider that equally good glass could be nJStrte ^ 
with sodium as t,he only alkali-metal, the employment of potassium 
being — according to this view — merely a matter of custom. 

Common bottle glass often contains much iron on arL^ount of 
the cheap materials vised, and also manganese as a decolorizer ; for 
instance, 

SiOo 04%, Na^O 10%, CaO 14%, MgO 4%, 

^ A1,03 2%, Fe.Os 3%, MnO 3%. 

For chemical ap])aratus, glass is often required which is especially 
resistant to reagents. In general, glass especially rich hi silica 
will be resistant to acids, wliilst that rich in alumina will be re- 
sistant to alkalis.^ * * 

liyither cases, one may require aglassof espc‘ciallv'■lo\vsoj^^tening- 
point (e.g. for soft glass tubing) ; here the mixture, 

SiO. 09%, Na/) 13^;.;,, K^O 7%, CaO 7%, AUO3 4%, 

which is rather rich in" alkali-metals, is suitabh;. Eiaess of alkali- 
metals, however^ is disadvantageous in one respect, because it 
renders the glass hygroscopic, and comparatively solubkv 

in very general demand is a glass of high softening-point and 
very low coefficient of expansion ; such u glass ^should resist sudden 
changes\)f temperatures without cracking!^ The pres(‘nce of borates 
in g)ass^,helps^ to bring this about; zinc is* also added to 
glass for the same purpose. Thus Jena laboratory glass contjjins 
approximately ^ 

SiOs 65%, BaO 1?%, ALO3 4%, 15%, AsT); 3%, 

and Jena thermometer glass 

c 

SiO.> 6/%, 14%, AI2O3 + Fe,0, 3%, 

' Zn0 7%,Mg0 7%,B,03 2%. 

Somewhat similar properties are naturally required for lamp 

* * ^ 

’ See also results of tests by J. I). Caiiwood and VV^ S. 'J’urner, J. Soc. 
Glass Tech. 2 (1918), 2^19. 
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chimneys, and the glass fron| Vhicji these ai^ mad^ oiteA <?ontains 
boron trioidde, 

SiO^ 66%, Na,0 6%. ll.Oa 24%, Sb.O^ 4%. 

Tho jfianufactiirer of ojrtica^ instrumoiits cle.sire.s to have a,f hia 
disposal gltisses corresponding to any^rcfractivo index which hehiay 
happen to require. y The heavy elements which are incorporateef 
glass with view to i^ising the ri‘fraetiv(^ index are lead, barium, 
and sometimes thallium ; zinc also raises *tffn refractive index, 
htibTo a less extent. Owing to the importaii'ic of obtaining just 
tae right qualities in the glass, and of securing inaximum trans- 
parency and absence of colour, only th(' very purest materials 
should b§ used for optical glasses, and it is naturally inaniifj^ictured 
more carefully and in smaller quantities than btlicr glasses. It is 
usually made in small covered pots, and must be heated until 
absolutely uniform and free from “ seeds.” Before the war, 1)0 
per cent, of the optical glass required in this country was imported,* 
largely from Germany. When the supplj^wtis cut off, elforts were 
made by British manufacturers to meet the demand, a]\d in 1018, 
95 per oent. of tho British consumption was supplied by glass made 
in the United Kingdom.^ 

•* Since the fefractive index also determines tho amount of light 
reflected at tliO surface of a glass, it follows that the presemie of 
the elements just mentioned also confers ‘‘ brilliance ” upon a 
glaf^ • both lead*iyid barium are accordingly added to tho batch 
in manufacturing table glass. “Flint Glass,” which is largely 
used for hollow ware,” sometimes contains^ 

SiOo 53%, CaO 14%, PbO 33%. 

A great deal of flint-glass plate 14 also produced. Many recipes for 
flint-glass include potassiun^. • 

Colour of Glass. A very im})ortant matter ♦s the qTje^tioii 
of the coloratioi’i of J^lass. « If the materials of the l^iitch gontain 
iron^n the Jerrous state, the glass produced will contain ferrous 
compounds, which j^ill confer op. it a deej) green colour.'^ In con- 
sequence itds custo^iary to adjl manganese' dioxide and potassium 
nitrate to tjie charge ; the iro*f is then oxidized to the ferric state, 
which prdduces only a pale greenish colour in thS glass. The addi- 
tion of the manganese tn the absence of iron would give,thtf glass 
an amethyst tone roughly complem«!ntary to the gregn due to <bhe 
ferric iron ; consequentl5" tho p];esence of the eojg’ect quantity of 
manganese masks the colour due ^ the feyic iron, by cauieing the 
absorptionpof light to be noft-selective. The masking, is more 
1 J. Ghem, Soc. Ind. 37 (1918), 336b, 

M.O.— -VOL. n. 
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exact n d little ic^balt is also ad^edA* ^ But althcfagh a glass contain- 
ing ferric iron ar;a also mi^ngaiioe aiio, cobalt may apnei^r colourless, 
it clearly lets through less ligb ■ than a similar glass free from all 
three elements, and therefore for, th(' mest transparent glasses 
iron^ree materials should be used. 

^Instead of manganese dioxide, arsenipus oxide can bfe used as a 
decolorizer ; it is usually supposed to act as - an o?cidizer, being 
itielf reduced to metallic arsenic, which sublimes away in the 
furnace. "^Iv-S explanation is, however, not universally accepted. ^ 
Perhaps it acts rather as an oxygen-carrier than an oxidizing a^ht. 

Selenium contpounds have also found application as decoloriztn-s, 
since selenium tends to produce a pink which serves to mask tlu^ 
objectmnable green colour referred to above. 

Where a coloured glass is desired, colouring substances ar(‘ 
added in small quantities. The colours produced are in many 
eases the same as those produc(‘d in a borax bead. Green is, as 
stated above, caused by the presence of iron ; rather different 
shades are obtained by adding chromium or cupric salts t(.) the glass. 
In the prc'sencc of a reducing agent, oii the other hand, copp(‘r gives 
to the glass a ruby colour ; and a similar tint, rather mole bluish 
in appearanc(‘, is obtained by the addition of finely divided gold 
(such as Purple of Cassius) to glass. Yellow glass is obtained by 
adding red lead or lead antimoniate or a uraniuih salt .^o glass. 
Under certain circumstances manganese produces a yellow, 'fhe 
brownish colour of the glass often usi^d for beer bottles is connected 
with the presence of sulphur in the glass ; it may be due to sodium 
polysulphide.^ This particular glass is impervious t\) aotinic rays, 
which would cause a deterioration of the beer ; a similar glass is 
used for bottles intended for chemicals, such as silver salts, which 
are sensitive to hght. ^ 

The presence of cobalt imparts a blue colou^’, whilst the addition 
of manganese dioxide wdh potassium nitrate causes a viok't tint 
due tc manganic compounds ; the tint is'often seen in old window- 
glass, containing mairganesc, which, although originally coloipless, 
has throdgh long expo.sure to light acquired a violent colour. Ultra- 
violet light is particularly potent in bringing >‘])out the coloration ; 
it can be produc(‘d qjiite quickly ny means of a nuu’cury vapour 
lamp. 

It hs noteworthy that in some cases the desired colour is not 

produced ii the glass is cooled quickly. In the case of tln^ ruby 

«• 

< 1 

1 S. R. Scholes, J. Soc. Chem. Iml. 35 (1910), 518. 

2 .Sec F. Gelytharj), TrauN. Arner. Cermn. Soc. 15 (1913), 585, who says that 
ur.senions oxide, ijid he batch, |)ln,vs the part of a roducinj^ j>t;ent. 

r. Feneroli, KoU. V^ntsc/,. 16 (1915), 53. 
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glass made with gold, the ccjiour i|<^oiily prpducfti’ arfer the ^ass 
has been main ained at an»el?ivatedjteinp/rature fen* a certain time^ ; 
exposure to heat for too long a period, however, spoils the colour, 
rendering it violet or Svci?,blire. Here it is certain that we have 
to deal wiyi a colloidal fjf^lutioA of gold in glass, the gold paM:icles 
being visible under the ultra-microscope.^ The colour ^sf the rtA^ 
glass is just the saLie ^is the colour of the ruby colloidal solutiqjis 
of gold in wafer, and the change from red •tc* ,vi(det and blue is 
analogous to the change which occurs in the cofloMfil solutions 
upon the addition of sodium chloride. Possibly the gold in the glass 
when first made is in the combined condition ; hence the glass is 
eolouiicsi^ On h(*ating, r(*duction to the metallic s\iite occurs, the 
ruby tint being due to the colloidal ])articles of ^Id ; but cohtinued 
heating causes them to join together to form pai'ticles of larger 
size, and a blue tint is tlih result. (.\)pp(‘r in the presence of re- 
ducing agents also produces a fine ruby colour ; here also the , 
metallic particles causing the coloration can,h(* made to grow by 
continued heating, 'rhe, glass consetpiently becomes bluish, but 
if the ])rocess is continued bug enougli tiu* copper pai’ticles may 
l)c*come Tiakes of visibh^ size, causing a " shinfmering ” appearance 
in the glass, \^liich is then known as aventurine.” Selenium also 
gives a red tint to glass, but here again the colour varies with the 
conditiofts of jireparation. 

It^secms likely ^that the coloration produced in glass by silver, 
platinum, iridium, selenium, tellurium, sul|)hur, carbon, and by 
k‘ad antimomate -like that produced by goUl and copper — is due 
to the presence of particles of colloidal size. 2 But the colours 
produced by the presence of (‘hronuum, mangant'se, cobalt and 
(in most cases) iron are of a different cliaracter, the glasses being 
'' optically empty ’’ (i.e. homogenco*is), Tlie colours in these 
eases may be reganlcfl as*dye to coloured silicates o| the m(iiat^ in 
((uestion, and it js iKitew'^rthy that tlie Colour frequ(*ntly agrees 
wit h that shown in a concenfrated aqueous solution by Die orflinary 
salts irf the n^dal- in a (airresjionding state* of oxidat ion.%^ 

When a colourless^ glass eontafns imlourless^ particles of micro- 
scopic or ultra-raicrofcopic size^having a different refractive index 
to that of t|i(* glassy ground-mass, a non -transparent but translucent 
material is produced. “ Milk glass/’ required for lamp she^doe, 
thermometer scales and similar purposes, can be m|i*de»by addi|^g 
fine bone ash (calcium phosphate) to* glass. “ Alabaster glass ” 
is rather similar, but contains ^ smaller quantify of opacifier. 

, • • 

^ H. and R. Zsigmondy, Atm. Phy.t. 10 (It^OIi), 1 ; ^ C. M. 

Garnett, Phil. Tratm. 205 [A] (1905), 237. 

“ W. J). Bancroft, J. Phytf. Chem. 23 {1919)„003. 
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•Bfn^um sulphafoi's also occasionally i| sed as an bpacifier. In many 
cases* the ^^lass produced^ is clfor at tempuratfarffs, since the 
substance is soluble in the hotfaiixture. It becomes cloudy <when 
coaled, owing to the separation of the opucifi^r in minute crystallites. 
In ^jneral, a species of milk glass- will t^lways be produced if the 
qompositicn of the glass is so begulated that a partial devitrification 
c^n take place on slow cooling ; the minute ci ystallj tes formed in 
the glass act as tji.^ I'ght-scattering particles. * 

“ Opal ’\is usually produced by adding cryolite (sodium 

aluminium fluoride) to the batch mixture. Here again the glass' 
produced is clear at high temperatures, but “ strikes opal ” when 
it is cyoled.^ The light-scattering particles are oftev assumed 
to be simply crystals of cryolite which have separated out on 
cooling, but there seems to be no certain information on this point.^ 

An “ Enamel is a glass made opaque with a suitable opacifier 
• such as cryolite, tin oxide (81102), antimony oxide (SbOa), or 
titanium oxide (TiO.J.^ When hot, it must possess a consistency 
suitable for coating iron saucepans, plater, and the like ; and when 
cold, it must harden to a durable material, which will,, serve to 
protect the iron from rust. The mixture used nearly always 
contains borax, which seems to increase the fusibility. 

Soluble Glass. ^ Only the silicates of the alkali iijptals are 
appreciably soluble. Silicates such as Na2Si03 are known as 
definite crystals of constant composition which dissolve in 'water 
without trouble. Commercial “ water glass,” however, contains 
much more silica than would correspond to such a«f 6 rmula, and is 
not a definite chemical comptund. Owing to the highksilica content 
it can only be brought into solution by rather drastic treatment. 
It is made by heating sand with sodium carbonate, or with a mixture 
of sodium sulphate and coaf, in a tank furnaeje. Tlie fused mixture 
is allowed to ^Irop into f.;old Avater, after which it can be powdered 
with«iase. «lt is brought into solutitfii by' treatment with super- 
heated steam under m atmospheres pressure,.; the solution cayi then 
be concentrated by evaporation, ^.becoming s^lT and treacly. It is 
usually coloured blown or dark gr^y by tjje iron present. The 
solution is used for impregnating ♦wood, which it thereby renders 
jDroof against fire or decay, and for covering stone, whfich is made 
watertight. -Presumably the silicate ife rapidly converted to 
iftsoluble silica in the pores q{ the material by atmospheric carbon 
dioxide. Varw^us compositions^ of water glass and asbestos are 

^ Sir H. Jackson, J. Hoy. Soc. Arts. 68 (1920), 134., 

® Cc6Apare the^,views of J. G. Smull, J. Soc. Chem. Ind. 3<^(1916), 402. 

* R. M. Caven, J. Soc. Chem. Ind. 37 (1918), 63t ; O. Maetz, Chem. Zeit. 
42 (1918), 569, 582 ; W. Pykall, Ber. 49 (1916), 397. 
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employed iv building. 3odiu|n siHfjate is als» usefl. as a' flier iji, the 
manufacture of soap. 

It is noteworthy th^t xa wxo puniuuu maae in rne tanJc lurnace 
is powdered and heated with ‘a small quantity of water for four 
hours at 76° to 100° C.,«thc particle^ of the powder unite to'fbrm 
a tough vitreous piass, wnich dksolves comparatively*rcadily*in 
water without the treatment \\[ith superheated steam. This 
behaviour, wlrieh, besides its technologieal ituI)ert>nco, is of eon- 
sid^rable theoretical intere.st, deserves further investigation. 
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POTASSIUM 

Atomic weight 39*10 

The Metal 

The g(>neral resc'mblanee between potassium and sodium is very ' 
much closer than the resemblance between sodium and lithium. 
Nevertheless, the changes observed on passing from lithium to 
sodium' occur again^ for the most part, on passing from sodium to 
potassium. Potassium is more fusible, more volatile and more 
reactive than sodium. The raclting-pbint is 02*5° C., and the 
boiling-point 758° C., the vapour having a distinct gpien colour. 
But whilst sodium is heavier than lithium, jiotassium is lighter than 
sodium, the specific gravity of potassium being 0*86. 

The bright silvery lustre of the ncwly-cut surface of potassium 
is quickly lost on exposure to damp air ; the metal is always kept 
immersed in oil. Potassium decomposes water with ^J^uch evolution 
of heat that the metal melts and the hydrogen prqduced becomes 
igni\!ed ; in popular language, potassium “ catches firef’ when 
thrown on to the surface of water. The metal burns in ordijiary 
air with a violet flame ; the same colour may be shown by intro- 
ducing a potassium compound into a colourless gas-flame. 

Laboratory Preparation^^ The metal can be obtained by 
electrolysis of fused potassium hydroxide, the operation being 
carried out in the same way as the preparation of sodium. A 
thermal method of producing potassium consists in heating potas- 
sium’ kydrogeu, tartrate first gently a^id then strongly. During 
thq gentle heating, the tartrate decompa.es, leaving a porous mass 
of intimately mixed^ yjotassium carbonate and carbon. If this 
mixture ir heated at a high temperature in a closed irbn bottle, the 
' mouth of which is connected to an iron conirenser haying a large 
cooling surface, the emdothermic 7;^^action 

K2CO3 + 2C - 2K + SCO 

occcurs ; the ^potassium vapouf distils out, and may be condensed 
and collected under rock oil. Potassium prepared in this way 
often contains a small amount of a compound of potassium and 
carbon njonoxide, having the composition indicated by^the formula 
CgOeKe ; this edmppund, which is structurally related to benzene, 
is extremely explosive. P'Otassium obtained thermally is therefore 
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more dangerous to handle thf|i the-^ectrolyUc prlTduct ;«the fpj*«ier 
usually explodes, instead f)f*burni|g qirijStly, wheh intiiduced into 
wat^r. 


Cotnpouynds 

Potassiimi hydroxide [caustic potash), KOH, is the siibstajice 
formed when.potassium reacts with water ; ibiit^it can be obtained 
m^re conveniently from the carbonate by the action of lime, in the 
same way as caustic soda, which it closely resembles. It i 5 a hard, 
white substance, readily deliquescent and capable of absorbing 
moisture and carbon dioxide from the air. The tbnipound is very 
soluble, the solution being strongly alkaliiui. When hfated, it 
melts, and litially volatilizes without losing the combined water. 
The anhydride, potassium oxide, K./), can, however, be prc'parcd 
by the action of potassium on the hydroxide. ^ 

The salts are prepared by nicthocls ayay;)gous to those used in 
obtaining the sodium salts, and, like the latter, are, in most cases, 
(!olourl4'.ss crystalline substfinces. In several cases, hdwever, they 
are distinctly less soluble than the (jorrespon^ing salts of sodium. 

^ The chloijide (KOI), bromide (KBr) and iodide (Kl), like the 
corresponding sodium compounds, crystallize in cubes ; a solution 
of the iodide, which is (‘xtremely soluble, has the power of dis- 
soli^ing eleraentjjl iodine, a red-brown liquid laung obtained. By 
evapor.'ting this liquid over sulphuric acid, dark crystals of a 
tri -iodide,* Jvl 3, have been obtained. • 

The sulphate, K.28O4, crystallizes without combined water in 
rhombic crystals which might easily be mistaken for crystals 
belonging to the hexagonal system. The bisulphate, lvH80,, 
loses water when fused, amj an anh;y^lride, sometimes known as the 
pyrosulphate, KoTTA* ts loft. 

’ SKrilsOt -= H2O + K,S A- 

ThiS last-mfincd salt dissolves in water with the (woluynm of much 
heat, the ^isulphafe being regenerated. 

The sulphites, *K ^SO 3 ap^l KHSO3, a^n prepared just as the 
correspoweting sodium sulphites. An aiih^flclricie of the second salt 
is known in the solid st^te, and is called potassium metabisulpitite, 
KaSaOj. It is formed when sulphur dioxide is passed into {4 hot 
saturated solution of potassium carbonate, ^\hils^ the ordinary 
bisulphite, KHSO3, is isoIatcS by adding alcohol to ^a caustic 
potash solptiorf saturated with sulphur fiioxide ; the alcohol de- 
creases tl^e solubility of the salt and thus cauSes its separation. 
All the sulphites tend to take up oxygen, when exposed to the air. 
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It ^beliered potassiuni«,jmetal(isulpliite is less ^susceptible 
to atmosphVric o'xidationA-and I s the^efbre more suitable for use 
in the laboratory — than other sul phites. ^ * 

Pbtassium nitrate (nitre or salt^veire), KNO 3 , is a colourless 
salt cVystallizing in beautiful Jong rhombic crystals. K is much 
mtire solubfc in hot water than in cold, arid melts^at 330° C. Potas- 
siuui nitrate is a strong oxidizor, and a fi*agment ofrcarbon or 
sulphur brought iiftb hontact with the fused salt is Oxidized with 
explosive violence. .If nitre be heated stiU more strongly, it evolt^es , 

• oxygen, the iiitrite being produced. 

The nitrate of, potassium is more easy to crystallize, and thus to 
obtain pure, than that of sodium ; the same statement afpplies to 
potassium chlorate, which has a comparatively low solubility 
at low temperatures. For this reason the potassium salts are 
preferred for use in the laboratory where a pure nitrate, or a pure 
•chlorate, is required. * 

The carbonates (K 2 GO 3 and KHCO 3 ), phosphates and sul- 
phides (K 2 P and KHS) are generally {^imihxr to the corresponding 
sodium salts. In cac^>, case, the normal salt reacts alkaline, owing 
to hydrolysis, the acids in question being very weak. Anhydrous 
potassium carbonate is hygroscopic and very soluble in water*, 
various hydrates are known. * ^ 

^ Potassium cyanide, KCN, is a very soluble, easily fusible and 
extremely poisonous salt, solutions of which are strongly alkaline, 
and which have powerful reducing properties. It ha^ the power . 
of forming complex salts with the cyanides of heaviel* mOtals, and 
some of these ermplex cyanitles arc of great importance. For 
instance, when potassium cyanide, is added to a solution of silver 
nitrate, a precipitate of silver cyanide is first formed ; but the 
precijjitate dissolves in excess of pd^a.ssiur» cyanide, forming 

• potassium silverVyanide (KCN.AgCN), wl^ch appears to ionize as a 

complex salt, *K[Ag{CNl 2 l- The most remarkable of the complex 
cyanides arc those fortned with the cyanidetj of iron;, these^rarc 
known as 4 « 

Potassium ferrocyaiiidc . 4KC^Pe(CN)2 or K 4 Fe(CN )8 
Potassium ferrlcyanide . 3KCN.Fe(CN)3 or K 3 Fe(CN)« 

Thejf form well- developed crystals, yellow and brown-red respec- 
tively ; the solutions possess quite distii^t properties from those 
of simple^ iron sal^s, and by precipitation with salts of heavy metals, 
insoluble ferrocyanides *and ferricyanides are obtained. These 
compounds will b(5 copsidered further in the section devoted to iron 
(VoL III). 
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In the presence of ab, pot^issium* cyanide^ act£.**as a'j^lvent for 
metals like gold, Which are findiss dved Jjy acids.* Thi^ property, 
which also appears to be connected* with the formation of complex 
salts, discussed i\i Chapter XIV (Vol. I). • 

It has been remarked that potassium cyanide is a po^»orful 
reducing agent ; 'VYhen a mixture of dry potassium cyanide wf^Ji 
the oxide qf any metai standing op the “ noble ” side of nickel jn 
the potential stories is heated, the metal is redi*C(«:i to^the elementary 
sta6o ; the oxygen is abstracted by the cyanide, whfth becomes 
converted to the cyanate. The reduction of litharge to Aietallic 
lead when heated with potassium cyanide may be* represented, 

PbO + KCN - Pb 4- KCNO^ 

Similarly some sulphides# are reduced to the metallic state by 
heating with potassium cyanide, which, in this case, passes into 
the thiocyanate (KCNS). 

Potassium cyanate, KCNO, has bet^i •mentioned above, as 
being prepared by the oxidai^on of the cyanide ; it can conveniently 
be oldalned from potassium ferrocyanide, >^y fusing it with an 
oxidizing agent such as potassium dichromate. The cyanate is 
dfssolved out* from the fused mass with alcohol. It forms very 
soluble 4ransparent crystals. 

Potassium thiocyanate, KCNS, is formed when the cyanide 
and SvJphur arc heated together, and is also a soluble deliquescent 
jsalt, i1 giv;cs a red coloration, due to ferric thiocyanate, when 
added to 'a solution of a ferric salt. 

Certain salts of potassium containing heavy mefals in the anion, 
such as the dichromate, KgOaO,, and permanganate, KMnO^, 
will be described in coniiection with the heavy metals in question. 
Both of these salts are rnofe familiar to us than thp correspoj^ling 
sodium compounds, Jbecatise they are less soluble and crystallize 
better. One salt of this class does, howeve^ deserve* special men- 
tion,^becau^^. it is one of the least soluble potassium compounds 
known. T^is is the platinicflloride, 2 Kfl.PtCl 4 or KgPtCle. 
It is formed as a 5^ellow crystalline precipitate when potassium 
chloride and platinic chloride are broughiT toj^ether in solution. 
The platinichloride appears to be a complex salt, ionizing in ai)cc«d- 
ance with the formula KgrPtClc].^ Although sliglitly soluble^ in 
water, it becomes pract^ally insoluble if alcohol is added to the 
solution. In this respect potassium differs from sodium, the 
platinichlorjde otf which is fairly soluble. 

Other sparingly soluble salts of potassium ^re deferred fo below 
in the section on analysis. 
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Most potassium compounds ( confer a violet colour upoif the 
Burden flame, but, if much sodium is* present as an irnpi|rity or 
< otherwise, the colour is likely to be^piaskod. On examination with 
r.pectro»:ope, however, the' observation of a char^-cteristic line 
(really a pair of lines close togeOier) situated at the red end of the 
visible spectrum, ^.Kdiof another line at the violet eivl, give certain 
indication tlic presence of potassium. 

Although the commoner salts of the metal are soluble, there are 
several reagents' which yield ])recipitates with solutions containing 
])otassium. The most important is platinichloric acidt, HoBtCJc 
(the soVallcd pki,tinum chlorid(‘ whk^h yields a yellow (Tystal- 
line precipitate of potassium platinichlorifle (KoBtClc)- Perchloric! 
acid yields a white ciystalline prc'cipitale of the ])crchlorate (KGIO 
whilst silicofluoric acid gives a somewhat gelatinous* ])r('cipitat(! 
of silicofluoride (Kol^iF^). A solution of sodium cobalti-nitrite 
in the presence of acetic acid produces a ycfllow ciystalline pre- 
cipitate, K.Na((.V)(NOo)« |. Finally, fvhen tartaric acid is added 
to a solution of a pofassium salt, a white crystalline precipitate of 
})otassium hydrogen tartrate comes down upon stirring ; it ,is 
noteworthy that dihydroxy-tartaric acid, which ]v*odiices a pre- 
cipitate with sodium salts, gives no such reaction with potassium. 

Methods of separating potassium from othe^ metals, noVibly 
sodium, depending upon several of the reactiotis just mentioned, 
have been worked ovt. In every case, however, /he^ solubility 
limit of the potassium salt thrown down is by no means so low as 
would be desirfi-ble for (juantitative work ; the comparatively 
soluble character of the prc'cipitaU'd salt is indeed, in many cases, 
suggested by thc^ crystallincr a])pearaijice of the precipitate. Tlie 
compittuest method of se])arating potr.ssium* from sodium is by 
' means of hydro])latinic acid. In ordei» to .minimize the loss of 
potassfiim owing to the appreciable sofabihty of the precipitate, a 
concentra^d alcoholic solution of the salt-mixture in *vhich flotas- 
4 sium is to be estimated is cmployAl, a/>d consitlerable excess of the 
precipitant is used. Jhe yirecipit^te is washed with alcohol, in 
which it is consid(|rabIy less soluble than in watiT. ItVjai then be 
dried ^t lOT" C., and weighed as K.,Pt0l8. .Alternatively it can be 
dissolved* ii* boiling water, and treated with sodium formate, a 
reducing agent which throws *down raetg^llic platinum as a black 
precipitate. Tlfe platinum can lid filtered off, washed and weighed ; 
from the weight of platfnum, the w^aght of potassium equivalent to 
it is reS^ciily calculated. *■ 

In the methods given a^ove, it is necessary- in order to attain 
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accuracy — ito observe rigidly flae coinjitions ot, worMng recommended 
by experienced abalystsi’* t'or rough ^fork, an^indir^ct method 
of determining potassium and sodi^im in a mixture of the chlorides 
can b(^i%sed. A known w^ght of the mixed chlorides is dissol*^ed, 
and the chJorinc contentideterj^iincd by titration with silver nitrate. 
Since the chlorine^ content of a raix*tiire of sodium and* potassi^^o^l 
chlorides varies continuously with^the proportion of the two metals 
from 47-57 pi^r cent, (in the case of pure j^otjvssiinn chloride) to 
60 65 per cent, (in the ease of pure sodium chloride), ••it is possible, 
from the result, to caleiilate the amount of sodium and peftassium 
in the mixture. Unfortiinat<4y, a small error in tfu^ determination 
of the chlorine causes a relatively large error in the potassium 
content of the mixture. 

Ter r estri a i . ( )c( ; u r re n ( ; e 

Like sodium, [)otassium is an important (constituent of the» 
mixture of molten silicates which exist 4><'k)w the surface' of the 
earth*, and of which thb igneous intrusive rocks pushed up from 
time tr^time are inen^ samples. In these igneous rocks the potas- 
sium has usually separated out as crystals of sucli cannplex silicates 
tfS, • ' ' 

OrthoclasT- or [)(.)tas}i-fels])ar . . KALSiaOg 

Muscovite or ])otash-mica . . . H 2 KAl 3 (SiO,i)ij 

• • 

Ortlu'clase, it will be Tioticed, is analogous in composition to the 
soda-feispaf dulbite) mentioned in the sc'ction on sodium. Ortho- 
(dase felspar and micas containing ])ota.ssiuin are essential con- 
stituents of graiiite ; in general, potassium (kccut^ in igneous rocks 
of the acidic (granitic) typic rather than in those of basic composi- 
tion. ^ • 

As in the ease' (S sodium, tin' action of water^and, r^oubt, 
carbon dioxide, Jias, during past ag(\s, been dissolving out potassium ’ 
from exj)oscd igneous rocks. Much of the potassaum cfissolved 
in ^atcr, passing tlTrough tJie soil has, howacver, bei>p retained, 
l)eing abs()rbed info the pdant^ growing tl|erein. Plants reejuire* 
potassium for theif existenc^and for tln^t reason less potassium 
is carried clown by tlie rivers into the sea th«-n would otherwise 
be the case. Moreover the seaweed, growing around th^ C(^st, 
Fibsorbs a further quantity of potassium salts. ,ln *vdSition^ the 
clay particles which are p^lso carriect down by the rivers into the sea 
adsorb a considerable quantity* of potassium ; it is probably this 
adsorption^whinh aids in causyigThe clay^articles to settle on the 

^ For details, see Sir W. Crookes’ " Select Methods in Chemical Analysis ” 
(Longmans). 
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0063(11 bed., However this may*, be, po(:as8ium se^ns to jme an essen- 
tial constitient of clays oi. marine ori^n*. Usually, when the clays 
become consolidated into shalcii^ and slates, the silicates undergo 
changes, and minute flakes of mica, Containing potasskipi, are 
' formcvl ; thus the potassium may return taithe state of combination 
iU'^vhich iit existed — to a large extent— in the igneous rocks. 

ft is probably the continuous removal of dissolved poj^assium by 
the clay particles which prevents any large accumulation of salts 
of the metabtA the sea ; actually ordinary sea- water contains only 
0‘08 pel* cent, of potassium chloride, as ojiposed to 2-7 per cent, 
of sodium chloride. Even the Dead Sea contains only 1-3 per cent, 
of potassium salts. i 

It wduld evidently require very lengthy evaporation of such 
waters in order to bring the concentration of potassium salts up 
to the solubility limit, and it is not surprising to find that deposits 
^of soluble potassium salts are far less widely distributed! than those 
of sodium. The Chefjhipe salt-fields, for instance, contain litth*. 
or no potassium, but, at Stassfiirt, above the thick beds of “j’oek- 
salt,” layers of potassium salts occur. ' Evidently these weA’e only 
thrown down after tlie concentration i)rocess of the Triassic salt- 
lake had reached a very advanced stage ; according to one estimattt, 
the deposition of the thick rock-salt proceeded foi 10,000 years 
before the formation of solid potassium compounds began. The 
lowest, and therefore first-formed, potassium bedtConsists of rtKik- 
salt mixed with 

Polyhalite . ‘ . . K,S0,.MgS04,2Ca»64.2H20. 

Above this coma's a bed of !ock-saIt and kieseritc (magnesium 
sulphate) upon which rests the bed^wliich still forms the chief source 
of the world's potash supply ^ this bed consists of 
Qayiallite .^ . . . KCl.MgCl.OflaO 

mix^d with rock-salt, kieseritc and othei substances. 

Various other potassium compounds oCcur at Stassfurt, but they 
seem to ha#i'e been formed through later changes causM by water 
•percolating through the beds ; no\loubt, the water dissolved out 
salts at some points, and then — pe^^aps during a succeeding dry 
period — they were«red(5posited at others. Deposits produced by 
the#e secondary changes include i 

•Sylvinite ‘ . . •; . (Na,K)Cl, 

Kainite . • . . . « < . KVll.MgSO4.3H2O. 

Rather similar deposits to those. at Stassfurt occur ^in Alsace,^ 
and in Spain. • ^ * 

1 P. Kestner, J. Sac. Chem. Ini..37 (1918), 291t. 
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One other natp'ally^ occii^rfng potassiurft ccyp^oiwid* deserves 
mention ; ‘fhift is/ 

•Alunite, or Alum-stone . . K(A10)3(S04)2.3H20. ’ 

It in various volcanic districts, and is apparently a weatiier- 

ing-produ#t of lavas brought f about by water containing s^tlphur 
dioxide, the latte/ being •probably derived from the VeatheAug 
of pyrites.* ConsideraJble deposit.^ occur in the United States,, as 
well as in Italy and Hungary. For many ycars^it hg,s been regarded 
as a source of alum, but recently it has attained infpbrtance as a 
source of potassium. 


Technology and Uses 

Extraction fron Carnallite. Up to 1014, the Stassfurt deposits 
of carnallite represented irfic most important source of the world’s 
supply of potassium. The Alsatian deposits, although probably 
richer in potassium, were comparatively undeveloped at that time,’ 
whilst the Spanish beds were not workt‘d^t*all. 

The process of extracticiii practised at Stassfurt if4 as follows. 
The carnallite — which is always found mixed with sodium chloride 
and magnesium sulphate — is ground and extracted by boiling water 
containing magnesium chloride, derived from a previous operation, 
which •takes up the carnallite, but leaves the sodium chloridt and 
m^nesium sulphate largely undissolved. The clear i?olution 
obtained passes *to crystallizing tanks where it deposits potassium 
chloride on*cooling. So long as magnesium chloride is not in great 
excess, the^ single salt, potassium chloride, and not carnallite, 
will crystallize out. When near^ three-quarters of the total 
dissolved potassium has been ojutained as chloride, the liquors are 
concentrated further in vacuum evaporators, and then, on cooling, 
contain a suliicien% eoiTcciftration oi magnesium to deposit arti- 
ficial carnallite” (KCJJ.MgCL.bHT)). The artificial carTiallite, 
can, however, be decomposed by cold water, the* morci sciuble 
ma^iesiun^ chloride*being dissolved out, whilst potassium chloride 
is left behind ; tluimagnesium^hloride solution produe?‘d can then 
be used td extract#moro cruclp carnallite. • 

The mo/her liquors from^'hich the c^rtificial carnallite ” has 
been deposited are not wasted. They contain Rromides of magne- 
sium or sodium, and ft)rm an important source of the brwmfhe com- 
pounds, which are required in photography, ih dyeing arid in 
medicine. * 

Potassium chloride is very largely used^x agriculture ; •all plants 
require potassium, and, unless it is added artificjally, thf«soil often 
becomes impoverished, and good cro|)s are* not obtained. Com- 
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parati^^elj^ crudq potassium materialj can^ of course, be used for 
puUixig oi> the ^-oil. It ’s, however j'i preferable that the fertilizer 
employed should not contain much magnesium, excess of which is 
harmful; the crude mineral hainite, in spite of its ma^jnesium- 
cohlent, is still used very largely as a fertilizer, but it is betti^r to use 
potassium^ chloride, freed from magnesium by the process just 
described. 

^In addition to einployment In agriculture, the purer forms of 
potassium chjoiide are used in the preparation of other potassium 
compomids, such as tlu^ carbonate (which is required in the glass 
industry) and th? nitrate (which is employed in the match industry). 

Emergency Sources of Potassium. Naturally wherj in 1914, 
th(^ German supplici^ of potassium were cut off, a somewhat serious 
position arose in non-Genuan countries, whkdi were forced to fall 
iiack on their own resources of potassium. Fortunately, owing 
to the wide distribution of the element, it was possible^ — by different 
jirocesses — to obtain a sufficient supply for the period of the war ; 
and, although the soil of this country was, at the termination of 
hostilities, considerably ])otash'Stai‘vmd,”‘ the crops had not 
suffered in the way that w'as at one time feared, ^'he demands of 
the glass-industry had also been met, although the «vequiremen4;s 
of potash for the glass-makers were rendered more, urgent by the 
fact 'that the types of glass w'hich contain potassium were, previous 
to the war, largely imported from Bohemia and Gerniany. Actually 
many of the “ emergency ” processes of obtaining potassium used 
during the war had been w^orked previously, to a smab^'^exj^ent, but 
attained sudden importance on the outbreak of hostilities.^ 

Vegetable Sources. Since all plants absorb potassium, the 
carbonate is one of tlie main constituents of plant ashes. Many 
centuries ago, the ashes of Wood represei\tcd the principal source 
of p(/a*h. No\v timlier is in most placed too valuable to lie burnt 
for ^,his purpose, although in America a ^feat deal of potash is still 
made from wood ashej^, *• On the other hhnd, seaweed, being other- 
wise w'ith(*rd value, constitutes a much more hopefiH source of 
•potasli. Some varieties contain more than others ; thct-ash of the 
rock weed known as “ sea-lettuce ” \ffmtains 4,^ per cent, of potas- 
sium chloride. Tlie sdaweed- burning industry is a very old one 
on«fche#wTst coast of Scotland, although shortly before the war it 
wasi^jthe iodine, rather than the potassium, of the ash (“ kelp ”) ^ 
which was of value. During the war, the industry was revived 
to a large extent, the k;4p being used as a source of potash. The 

^ See C^^G. Cresswell, J. Sor.. (Jhem. lud. 34 (1915), 35*7. 

” In America, “ kblp ” means .seaweed ; in this country it means seaweed 
ash. 
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method employed^ is still opilde and wastt^ful hn »a|tpi%ciable 
amount of potash ^ volatilizt^ duriii^ thet>bu^ning^ whilst a fu^tlle^ 
quar^tity is apt afterwarcfe to be washed h/Way by the rain. 

A kel|j industry sprang pp ^uridg the war on the Pacific coast 
of Anflrica, both in British Columbia ^ and in California.- the 
amount of potash whicR couAl be.#produced aniuially^ froiit the 
immense areas covered by seaweed is estimated as being five times 
the whole output of Germany.^ 

Before leaving the subject of the manu?actui\^ ^yf, potassium 
from jdant sources, it is necessary to refer to Mu; fact tha^ much 
potassium carbonate is prepared in countries whe^^e sugar-beet is 
grown by the biu*ning of the beet refuse and of the zicsidiie from the 
molasses.* This is not really a source of potash, but only the; partial 
recovery of potash previously expended on the soil, ft requires 
much more potash to grown crop of bi‘et than will ever be recovered 
from the residues of that crop. 

Animal Sources, Another source of potassium is slveep's wool. 
The Tiatural grease of ^le shoe]) contains numerous fatty acids 
(stearic, ])almitic, oleh?, ete.), together with a substance called 
“ suint which consists principally of the sc/hible ])otassium salts 
of the acids. When the wool is washed, these salts pass into solu- 
tion, and it is possible, by evaporating the water and calcining the 
r(\sidue,*t() obtain potassium carbonate. The recovery from *the> 
greasy solution, however, introduces dilliculties, aiid thc^ jiroduct 
is liabii' to be of bad quality ; the proc(‘Ss is not largely practised.'* 
• Alunite a^a Source,® The amount of potash obtained from 
vegetable and animal sources in tlie^e'arly part of the \\'ai* being 
quite unequal to tlie demand, e^ffeirts we're maele^ te> supjilement 
it from mineral sources. Since s^qepiies e)f the freely soluble salts 
were not available, atbentieiy was turfte'd to alunite, the basic sul- 
})hate of pota.ssium Snd aliwniniiun. Both in Ame'gca aiidjil*) in 
An.stralia an industry sjrmig up in which the alunite'^ was roasjted 
about 750"" C., selnble peetc^ssium .su!])hate‘ •;pul inse)lui)le afuniina 
bcin^iroduftrl ; the feernier was extracted by leaching-. > 

Felspar as a Scarce. The jiroblem of extracting potassium 
from the various rock-fermiii^ .silicates, such as j)ot:ish-felspar, 
has also be^m considered. Various methexls of d^amipeesing felspar 
are known ; one consists in heating it with lime aud wa^er VmJ^r 

* J. Soc. Ghem. Ind. 36 (11/17), 710. 

^ J. W. Turpentine, Aftt. Chem. 16 (1917), 190. 

» T. H. Norton, V.S. Comm. Hep., ISto. 137 (ltr5), p. 1160. 

* K. M. Ctianee.t^. Soc. Chem. Indt 37 (1918), 222t. Compare E.W. Cham- 
bers, J. Soc.^Cdiem. Ind. 40 (1921), 102ii. • 

‘ J. Soc. Chem, Ind. 37 (1918), 239a; 40 (1921),* 407r. 
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high j^refcsure. * ^Pota'dsium hydroxfd^ can afterwards be extracted 
froB!. the Wss.y " ^ ‘ \ 

' Recovery from Blast-Furnace Dust. 2 Although it isi only 
profitable, under exceptional conditions, N:o “ mine ” ^nd crush 
fel^p^ar or similar minerals as sourt^es of potassium, yet it happens 
tljat the ordinary charges introduced ijito the blast-furnace during 
the manufacture of cast-iron always contaii) an 'appreciable amount 
o{ potassium silicate ^minerals ab impurities in the coal 'and the ore. 
It has for vsom*fe time been known that the dust carried off by the 
exit gases contain^ notable amounts of potassium. In the absence • 
of chlorine, this comes over largely as the volatile cyanide, and 
collects as potassium cyanide and potassium carbonate which are 
minor <iconstituents of the flue-dust. But, when potassium com- 
pounds became scarce during the war, an improvement was intro- 
duced in this country by adding small ^*moiints of sodium chloride 
to the blast-furnace charge ; it was found that the potassium 
then comes over almost entirely as chloride and the amount is 
notably increased. I'he quality of the cast-iron produced in the 
furnace does not suffer. •- 

From the dust produced, the soluble potassium chloride can be 
extracted by leaching, and converted, when required, into other 
potassium salts. The process was worked in England during the 
waV with great success at a number of blast-furnaces, and enabled 
the glass-makers to obtain the materials which they required.® 
Since the furnace gases are employed to drive* the engines that 
provide the motive power for the iron- works, the removal of the 
dust from the gases is very beneficial to the engines. ' A similar 
process of potas>h -recovery hak been put into operation at iron- works 
in America. ** 

One of the best methods pf separating the lighter dust from the 
gas^i^^by the electrostatic process In this process, the dusty 
gases pass through a series of vertical tu^res in the centre of each of 
wHiclf hangli a verticj»l chain carcfuliy insulated from the tube, 
and maintained at 3, very high negative potential often ^0,000 
volts). The dust particles betome negatif^ely charged in the 
neighbourhood of the suspended ctein, which is constantly giving 

^ W. H. Ross, InU. Eng. Chem. 9 (1917), 467. Anotlicr process is 
cl#scri.bed by A. S. Cushman and G. W. Coggershill (abstract, J. Soc. Chem. 
Ind. 34 CIQIS), 79). 

E. C. Rosrit5r and C. S. Ding'ey, J. Soc. Chem. Ind. 38 (1919), 376t ; 
R. A. Berry and D. N. McArthur, J. Soc. Chem- I'^d. 37 (1918), It. 

» See J. Soc. Chem. Ind. 30 (1920)*, 243e. 

* J. &OC. Chem. Ind. 35 (1917), 3C7. 

* W. Strong, Trans. Amer. ElecProchem. Soc. 31 1191 'll). 415; H. D. 
Braley, Trans. A'fher. ^Electrochem. Soc. 35 (1919), 199; H. J.^Bush, J. Soc. 
Chem. Ind. 41 (1922), 21t. ^ 
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off electrons, and +he particWs*iire then vioientl;3j^ attrac tfeo' to the 
surface of *th(‘=‘ pc^‘Itivefy el^stritied* tub» ; •the j^wder* collt^mg 
against the surface of thd ^ube finally falls into a hopper below. • 
\/ Recovery from GAneiit-worlts Dust A It has also pre^ved 
possible to obtain potasjjium c|hnpounds from the dust carried by 
the gases emerging from a. cement- Win, the dust being tcaught Jby 
means of an electrostatic precipitation plant or in some otlu^r wa^. 
Salts of pothssium can be recovcred*by leaching tliis dust with water. 
The potassium may have come over as some volatifc salt (e.g. 
chloride) ; but since the gases from, the kiln "invariably contain 
oxides of sulphur, the potassium is actually found iff tlic dust partly 
as sulphide (K0SO4), and partly as a double sulpluftc of potassium 
and calcium ; the potassium present as double sulpliab; is likely 
to be left undissolvcd unless hot water is used for the leaching. 
As in the case of blast-fuAiace dust, it is found that the addition 
of salt or Jjuorspar to the charge greatly improves the yield of 
potassium, which then volatiliz(‘s as chloride or fluoride. The 
process has been developed largely in America, although more 
recently it has been ifistalWd at a cement-works in England. ^ 

It is generally considered that the blast-fuAiacc process is more 
re^iunerativ^e in England, and the cement-kiln process in America. 
It k.as been stated that if the dust could be collected from every 
blast-fuftiace in this country and properly worlvcd up, the tbtal 
British requirements of potash could be met from this source alone.^ 
It is, iiowever, possible that both recovery processes may prove 
finable to c^jjipete with the product of tli^ carnallite deposits.^ 
Germany* is recommencing to export potassium salts, and un- 
doubtedly the Alsace deposits, nowin the hands tof France, will, 
in future, yield very large amounts of the fertilizer. In the Alsace 
deposits, the mineral is mainly syl^nite, and, containing com- 
paratively little ma]|nesiliig* can be applied to the soil w^tj^out 
previous refining. 

Potassium Carbonate.* Although thc^^iloride is a suitable 
salt fd!* agricultural purposes, it is — both on account of its volatility, 
and in othcij respectf— unsutted fls a soui'ce potassium in glass- 
making. It has, th^efore, to converted tp carbonate. Solvay’s 
process, ejysfillent for maldng sodium carbofiate^ would not serve 
for making the potassiiyn salt, on account of the hi^h solubility «f 

1 W. H. Ross and A. R. Merz, J. Ini. Eng. Chem. 9 (1917), 1035; E. 
Anderson and R. J. Nestell, J. Ind.*Bng. Cheyi. 9 (191 7), *253 ; J. Treanor, 
Met. Chem. Eng. 16 (1917), 701 ; C. Krttrup, Met.^hem. Eng. 25 (1921), 316. 

* J. Soc. Chem. 4nd. 39 (1920), 2?6k. 

» K. M. ORance, J. Soc. Chem. Ind. 37 (1918), 313r. 

* Compare P. G. H. Boswell, J. Soc. Chem. Ind. 58 (1919), 198r. 

M.O.— VOL. II. G 
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potassium^ bicaH mate. The “ m*agnesia prrcess ” depending 
on txie ins^lnbiPty of the doulile carb 3nate, 2 KHCO 3 .MgCOj. 4 HoO 
is largely used in Germany. When a cokl solution of potassium 
chloride is treated with jnagiie.sium jcarbonate and carbon^dioxide, 
the, compound mentioned comes dr/wn as a crystalline pre«5ipitate. 
If heated under pressure at 140" C., l7iis double salt loses the carbon 
dioxide, and yields soluble potassium carbonate, mixed with the 
nearly insoluble magnesium carbonate. Tlie product ‘is leached, 
and filtered'^ 4}i6 insolulile magnesium cat bonate being used again ; 
froni tlie filtrate, potassium eai’bonate can be obtained by eryst-al- 
lizatioji. 

Besides its CMiployment in glass-making, potassium cai’bonate 
is the source of many otluT ])otassinm salts. 

Potassium hydroxide (caustic potash) can Ix' made by the 
electrolysis of (h(‘ ehlorhh* solutio?), or bV" causticizing the carbonate 
with lime ; both ])rocesses ar(‘ siniilai* to those used in preparing 
caustic sodu. It was at one time largely employed for making soft 
soap, the potassium salts of fatty acids being always softer than the 
corresponding sodium comj)ounds. But tlie shortage of potassium 
compounds has tendeU to confine the use of j^otassinm soaps to very 
special purposes. 

Other Potassium Salts. In all eases where a potassium and a 
sodiiK'.:: salt would serve the same pur] )ose ecpially well, the sodium 
compound, being cluNiper, will be used. In sever'd cases, howcvw, 
the potassium salt is le.ss soluble than th(^ (iorrespondiiig sodium 
compound, and (;an therefore be obtained ])urer ; nu ueo';er ]>otas- 
sium salts often al)sorb imiisti^re less readily, and tend to cake less, 
idle su])eriority of the ]jotassium coin])ound is seen best in the case 
of th(' nitrate', chlorate, ])('r'chlorat(‘, dichromate and ])e]'manganate, 
all of wliich are made and usrd on a la^'ge scab'. 

Potassium 'nitrate (saltpetre, nitre.) is obtained by intei'action 
of hoticoncentiated solutions of pota.ssium chloride and of sodiinn 
nitrate (Chili saltpetiv:). The double decompgsition ^ ^ 

NaNOa + KCl =4^NaCl + KNO 3 

.» V 

occurs. Sodium chloride is, at high temperatures, more insoluble 
than the other salts present and separates out. The mother liquid 
is filtered hot,* and run into crystallizing tanks where potassium 
nitrate (whiidi, although very* soluble in hot water, is much less 
soluble in cold)^separate8 ,on cooling. It is purified by recrystal- 
lization f h 

Potassium nitrate is used largely at the glass-woi'bs ; in the 
making of flint glass^, it is added as an oxidizing agent to the batch, 
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to prevent lead fror. beccjmin^reduc^ to the metiWlic st^te. Th^ 
salt is also usofftl in the curjnf of meat, tcf wliich if imparts aired 
colour^ It is employed in fireworks, and* is a constituent of old-’ 
fashioncd^black gunpowfler.* 

Potas3iujn chlorate ^^as a| one time prepared by paswifig 
chlorine into warm caustic potash sofution 

OKOH + 3C1. = K0103*+ r)KCl 4; 

But, since this reaction reconverts five-sixths pi the potassium 
hydroxide into chloride, from which the hydroxide ^;vas originally 
derived, the method has been altered, (fiilorine is, accordingly, 
passed int^liot milk of lime, calcium chlorate being 1‘ormed by the 
analogous reaction, • 

()Ca(()H). -f OCL ^ •Ca(Cl() 3 ), + oCaClo + 011,0. 

Since lime is#i\ much chea})cr alkali than caustics potash, the con- 
version of part of it to calcium chloride is n#t serious. le excess 
of lime is allow(‘d to settle, •'and the clear liquid is run oti into tanks, 
and mixe^l with the equivalent quantity of yotassium chloride. 
Double decomposition takes place, and potassium chlorate, which 
at kjiw temper<itures is very much less soluble than the other salts 
prc'sent, crystallizes on cooling as a glittering mass. It can t>e 
purified by recrystallization. ^ 

Milk of magnesia is often used in the place of milk of lime, because 
the solubility of potassium chlorate in the prest'uce of magnesium 
(;Rloride happ^'s to be less than the solubility in the presence of 
calcium chloride. The process is conducted in a method similar 
to the lime process, but it is usual to removal some of fbe magnesium 
(chloride from the liquid, by evaporation, before potassium chloride 
is added. ^ It may, perhaps, J)e of interest to numtion that the 
liquors froju which 2 >o?assiunf chlorate, and other hi^^ily oxkMz^d 
salts, are crystallized ow an tndustrial scale, have in ])ra^tice a^^er.y 
pronounced purplish-pink cblour. This wift^ attributed at one 
time t(f* the jJl’cscmce of a trace of permanganate or to the oxide 
Mn 304 , but it^is ik fiit to b? duo, in mo^it cases, to an iron 

compound. * 

Electrolytic Production of Potassium ChlorSte. The chlor- 
ate may also be made the electrolysis of potassium ciildtide^ 
solution. Where the products of th% electrolysis afe«ktipt apart 
by means of a diaphra^, cg-ystic potash antk chlorine are 
obtained, and this is, of course, •the mos/ important way of 
preparing caustic potash. Where there is no diaphragm, tlw pro- 

1 C. L. Higgins, J. Soc. Chem. Ind.b (1887), 248. 
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(Jucts reaiit farming potassium Viypochlorite vand chloride, if the 
liq'uid is oool, ? \ 

2KOH + CI 2 = KOCl + KCl + H^O. 

Dat, if the solution is warm, and especi/illy if it is slightly ftfcjd before 
tbarelectrolysis begins, the hypochlorite, even if first formefi, quickly 
H^ecompdi^es, yielding the chlorate. Tlie reaction ^ may be written 
-^imply 

^ ^3KC10-'KC103 + 2KC1. 

No doubt, a part of the hypochlorite first produced may be oxidized 
to chlorate elpctrolytically at the anode. It is advisable to allow 
the liquid full access to the anode, and to avoid the produetion 
of anOj^ protective film on that eleetrode. On the other* hand, con- 
tact with the cathode leads to destruction of hypochlorite and 
chlorate alike, and it is therefore beneficial to add to the solution 
a little chromate, which forms a protective film on the cathode — 
as was explained in the section on sodium hypochlorite. It has 
also been to jnd desiKJtbee that the original chloride solution employed 
should bo made slightly acid before electrolysis starts. In this 
case, it remains acid in the neighbourhood of the anode throughout 
the process, and the stability of hypochlorite in presence of acid 
being small, its decomposition into chlorate and chloKde is favoured. 
Moreover unless the solution around the anode is acid, mufh current 
is wi'sted upon the evolution of oxygen. This may be due in part 
to the discharge of hydroxyl ions, but is maii^y to be attributed 
to the discharge of hypochlorite ions (OCl)'. Both kinds of ions 
occur to a much greater extent in an alkaline solul^ni-han in the 
presence of an acid, since l;,ypochlorous acid itself is a weak acid, 
only slightly ionized ; if therefore the bath is kept weakly acid, the 
loss of eflicieney due to oxygen-production is reduced to a mini- 
mum.- 

^lilorates ere made in Germany b/ electrolysis on a large scale. 
The^ chloride solution containing a flttle • potassium bichromate 
(which serves not (in*ly to produce a *film qn the cathode, but also 
to render the solution slightly acid) flows through a*cell containing 
parallel electrodes y before the war both electrodes w^rc frequently 
made of platinum-iridium gauze, V^^nd it is stated that even at the 
present time nd satisfactory substitute for platinum «-s the anode 
^materigl hasj yet been found.^ The temperature employed is said 

^ 1 Most writers represent the reaction, which occurs most readily in acid 
solutions, as an interaction between hypochlorous acid and hypochlorite 
ions, thus 2^tOa +^pac = CiO't '+ 2H- -f 2a'. 

* Compare the viewsVf F. Foer&ter and E. MUller, Zeitsch. Elektrochem. 9 

(1903V* 196. See also N. V. S. Knibbs and H. Palfree'tnan* Faraday 

Soc. 16 (1920), ^ 

* K. Arndt, Electrotech, ^eitsch. 42 (1921), 346. 
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to be kept abpuj 40 * C. After^the tren^tme^t, the liduor passes igito 
crystallizing tanks where poliassium chlorate is deported dn cooling.. 
In practice, it is found n^ore economical of potassium to use sodium 
chloride^ Elution for the electrd^ysis, and then to decompose i^e 
strong sofutk)n of sodium dilorat^ produced with potassium chlonide. 

In an American process A^hich has recently been woAced out, 
it is proposed to use potassium chlonide derived from felspar as ra\f 
material ; it is electrolysed in a cell fitted witl^ c^rbcyi anodes, and 
magnesium cathodes, the liquid being kept aeid^at the anode and 
alkaline at the eathode.^ 

Potassium chlorate is used largely in the manufacture of matches. 
It has also«been employed as an oxidizing agent in organic chemistry, 
but for this purpose the cheaper sodium chlorate k equally effective. 
Owing to its high oxidizing power, the chlorate is somewhat dan- 
gerous to handle on a large scale, and should be kept out of contact 
with all organic matter. 

Potassium perchlorate is manufactuif'd* by th^^electrolytic 
oxidation of a solution of Sodium chlorate ; the sodium pprchlorate 
produccd*is afterwards decomposed with potas^um chloride, when 
the almost insoluble potassium perchlorate is thrown down. It is 
oftef) stated that a low temperature is required for the electrolysis, 
but this is apparently ^vrong. The current efficiency is very high 
(85-90 per cent.) even at 60° C. ; at that temperature the prei^^ce 
of acTd Mppears to*be beneficial. ^ 

^ Potas.'ium perchlorate finds employment in the explosive in- 
dustry. It is^morc stable than the chlorate,* but is nevertheless, 
owing to the high oxygen content, r»thcr a dangeg’ous substance 
to handle dry. It must be kept away from all organic matter. 

' A. G. Betts, Met. Chem. F^ng 15 

^ J. G. Williams, Tra%s. Faraway Soc. 15 (1020). Part IJ, 134 ; N. 
Knibbs, Trans. Faraday Soc. 16 (1920), 424; F. Wintolor, T^eitsch. FAekiro 
chem. 5 (1898), 50, 217 ; ^ (I9ul), 0.35 ; W. Oesclili, Zeitsch. F^ck(rork^?n.»9 
(1903), 807 ; E. Blau and il. Wtlngard, ZciUch. Elfil^rochcm. 27 (1921), 1, 
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METALS, AND METALLIC COMPOIjNDS 


RUBIDIUM ^ 

f 

Atomic weight , 85-45 

The Metal 

The changes seron on passing from potassium to rubidium arc ^ 
for the most part the same as those observed in passing from sodium 
to potassium. . Rubidium, which is lustrous like silver when fresh 
but quickly tarnishes in air, is heavier, more easily fusible and more 
volatile than potassium ; the melting-point is as low as 38” U 

Rubidium is even more reactive than potassium, and like the 
latter takes fire when thrown on to water. The metal can be 
prepared from the hydroxide by lieating strongly witli carbon, or, 
if preferred, Ivith aliflnfiiium, when the volatile rubidium distils off. 

f Compounds 

The hydroxide, RbOH, is a delique.scent soh^ble body,'ffbo 
solution of which is strongly alkaliiie. The solid is said fo have a 
groyf^sh tinge. The oxide, RbaO, has not been prepared pure ; 
the mixture obtained when rubidium is burnt in the air cot^tains 
RboO mixed with a higher oxide, possibly RboOi. 

Salts. The rubidium salts closely re.semble those" of 'p^^tassium. 
The chloride, bromide aval iodide crystallize in cubes. The 
nitrate and sulphate are, however, considerably more soluble than 
those of potassium. The platinichloride is distinctly less soluble 
than that of potassium, the insolubility of tho platinichlorides rising 
in\lie grou])*{\uth the atomic weight. 

Analytical 

Rubidium confers a reddish-vuolet colour bn the liiinsen flame ; 
the spectrum shows two pronoum'vei;! lines in the rod, to which the 
element owes its name— it was originally discovered by means of 
^he spectroscope. There are, however, other lines, including two 
ipiportanh o,pas at the violet ^end of the spectrum. 

Like potassium, rubidium is precipitated by platinichloric, 
perchlpric, tartaric a^d feilicofluoric acids ; methods of estimating 
the meM by means ot these reagents have been*-wor,lted out. 

It also yieMs,^an insoluble stannichloride, Rl) 2 [SnCl 8 l or 
2RbCl.SnCl4, which is obtained as precipitate when a rubidium 
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chloride solution i, treal^ed with staiviic chloride, A 7(;ii£h method 
of separating rubidium frpnl i>otassium/depetid,s^in this facl.i 

1’KBiyssl'Rt4r, Occurrence 

Rubidium and ^,he sucefeding erement, eiesium. occtu- onlv'iu 
very small.quantitics h, the earth. .and like litiuum have tendedho 
accumulate ip.tho acidic— or last-consolidate,h« portions of io-ncous 
rooks; they are found, in fact, in the sa,me i.iiuerars’ as contain 
lithium. Ihus some .samples of lepidolite (lithia-mica) haVe been 
shown to contain as much as O-f, per cent, of rubidhnn and cresium 
Ihe wat*r of some mineral .springs no doubt arising' from intrusions 
com,.aratively rich in rubidium and eiesiun. yield apfreciahle 
quimtities of the salts of .each metal. Th.., potassium salt depo.sits 
ot Ma,.sslurt also eontani rubidium. There is jiltle ilemaud for 
eonipound., of rubidium, but il. is not dillieult 1o separate it from 
tlK' Miother lupiors of the Nlassfurt sail v„lust,y a^ne sparingly 

soJiiNf' fnliKlnnii alum • (|;i),,S(),.AI..(S (),).,.2 I H i)) ^ 

• • 

W'. Foil, ,‘111(1 K. Kul,i,.,i-scfikN, (/hem. Zo//.*! 6 ( 1 802), 
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Atomic weight 132-81 

The Metal 

The , gradual variation of properties with the atomic weight 
reaches a culmination in ca3sium. This is the most fusible metal 
of the group, the melting-point being 26"^ C. ; it has the lowest 
boiling-point (G70°), and the highest specific gravity (1^-87). It 
is probably the mo.H reactive metal known. Caesium catches fire 
when dropped on to water, and sometimes takes fire spontaneously 
when exposed for some time to damp air. 

The metal can be 2 n'epared in the same way as rubidium. 

'"iv •• 

Compounds 

t 

The hydroxide, CsOH, is very similar to that of rubidium. The 
normal oxide, CssO, has been prepared by the actioYi of oxygen 
upoli excess of caesium. The excess of the metal can be rimoved 
by virfae of its volatility through distillation in vacuo ; but if the 
distillation be conducted at too high a temperature part of the 
combined caesium will pass away, and a peroxide will bf^ left. The 
normal oxide, CsnO, has an orange colour. 

Salts. CacsiuLi salts resemble the rubidium salts. The chloride, 
which crystallizes in cubes, is, however, deliquescent, and more 
volatile than rubidium chloride. The platinichloride is more 
insoljible than that of any other metafpf'the ^roup. 

# ^ ^ 

* Analytical < . ^ , 

^ Caesium is usually detected by iLe&m of the ^spectroscope ; there 
are several lines, the two most pronounced lin^s being in the blue 
region (hence the name “ caesium,” derived from the L^tin word, 
Cassius., blue-grey). In the absence of othqr metals, caesium salts 
coivfer a red^violet colour upon the flame. 

Caesium salts, like those of potassium ^ind rubidium, 3 deld pre- 
cipitates with platinicl^lorie, perchloric, tartaric and silicofluoric 
acids. like rubidium, it is precipitated, as a doui)lo salt, by tin 
chloride, and — bjr means of this reaction — can be sepafd-ted from 
potassium. 
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The sepa^atipn ^rom subidium ca«i be carried by variovs 
rather laborious jft'ocesses, depending on the sljj^ht ^ffererfces 
in th^ solubility of the l^itartrates or platinichlorides. Another 
method depends on the fact*that the addition of a solution of anti- 
mony chfoiade dissolved in hydri^hloric acid causes the precipitation 
of caesium as the (Rouble sait ^Clg.CsCl, whilst rubidium remai«is 
in solution the precipitation, however, appears to be incomplete 

Terrestrial Occurrence , 

As mentioned in the section on rubidium, caosiulh occurs along 
with the former metal, in small amounts in various* minerals, such 
as lepidolite. A very rare silicate mineral, caHed “ pollux*” con- 
tains a considerable quantity of caesium ; samples from Elba have 
been found to contain 34*per cent. Gaisin rn occurs in traces in 
some minerjil waters. On the Avhole, it is less abundant than 
rubidium. It has found no practical applic^ation, ai\d_qo,nsequently 
there is no technology. 
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AMMOMUyi 

before ^leaving Group Ia, it is necessary to refer to flie striking 
connection between the salts of the alkali inbtals and the salts 
Obtained when ammonia combines with acids. Whcn*an aqueous 
solution o^ ^nimonia* acts upon an equivalent quantity of an acid, 
the solution prodixjed is found to contain crystalline salts, known # 
as ammonium salts. The same bodies are obtained when ammonia 
gas is allowed tp react with acidic oxides or hydrogeji halides. Thus 
ammonia combines with liydrogen chloride to give ammonium 
chloride, NHiCl. *Now it is found that many ammonium salts 
are not only similar in constitution to tke salts of the alkali metals, 
])ui are actually isomorphous wit h theun. Th us ami]ioniu m sulphate 
(NH4)280,,, is isomorphous with potassium sulphaii', K2S(3,,, 
]n all ammoV 5 jum sal?s flie radich' (NI-Tj) tak(‘s th(‘ ])lace of a metal. 

It is tI\ought that the hydroxide,* Nlf/)tf, exists in a'queous 
solutions of ammoiiia, 

NH, + H.>() 

Thi^ alkalinity of solutions of ammonia is commTmly attributed 
to ionization of this compound, into (NH,)’ and (OH)' ions. 
But evidently the dissociation is far from compkde, for amnlonia 
is a much weaker alkali than potash or soda, and the solutions 
contain a smaller concentration of hydroxyl ions ^ than caustic 
alkalis of equivalent strenifth. 'Id)e limited hydroxyl concen- 
tration in a solution of ammonia renders it a very valuable reagent ; 
metals wdiich ^^ave very insoluble hydroxides are precipitated by 
ammonia, whilst those luu^ing slightly .mor^' soluble hydroxides 
reift^m in sol^ition. * 

Aqjmonii:^m salts decompose into amnV)nia*and* the acid or oxide 
w'hcn heated. .Somc^Tor instance ammoniqrp chloride, ajinear to 
sublime unchanged ; really, ho^j'cvcr, the vapour ofttained wdien 
ammonium chlorido is volatilized 'consists^ not. ofi unchanged 
ammonium chloride, fbut of ammeVia and hydrogen ^chloride. If 
the vapour be ccfoled* again, these constituents recomlmic to form 
iblid 'aq^momyrn chloride, • 

• NH4CI NH3 + HCl NH4CI 

♦ Solid ^ Vapfiir * Solid 

But, if the vapour passed fhr9ugh a tube o{^ porous material 
which "ft more pervious to ammonia than to hydrogciF chloride, a 
partial separation of the two constituents is brought about. 
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Most of the^amponii^ salts are #i,t ordinary tvMnperatiires w^ite 
crystalline. solubl(? siibsta^jcdk, like the salts of s^iun^ and pbtas- 
siuiA The chloride j|Ntl4Cl) occurs in fibrous crystalline masses 
or in Arborescent crystal*grorwths, the sulphate [(NH4)2S04#1 in 
rhombic 4'rystals isomcnrphoul with the anhydrous sulph^tf¥=i of 
the alkali metals^. The nitrate if of special interest* since,* on 
heating, it decomposefi into nitroi|^ oxide and water thus 

(NH4)N0, N^O + 2HV5 

whilst the nitrite, upon being warmed in solufton, yields Tiitrogeii 
(NH4)N0o N, + 211. ,0. 

Ammonium sulphide (NH4).>8, and Ammonium hydrogen 
sulphide, NH4HS, arc formed in solution by saturating amnmnia 
solution with sulphuretted hydrog(‘n. ddie proportion t)f normal 
sulphide iif(.‘reases with the stnaigth of the original ammonia. The 
solution is colourless when first produee(U})yt usualLy grows yellow 
wfum, stoix'd, owing to (he formation of polysul|mides. 

Amfnonium Carbonates. When an ^ammonia solution is 
saturated with carbon dioxide, the bicarbonate (NH4 )HC(),t is 
produced ;«*if an equal ({uantity of ammonia is tlien added to the 
solututfi, the* normal carbonate (NHilXT).., is obtained. •The 
same compound mixed with an anhydride, ammonium carjf^/flnate 
is formed when a mixture of ammonium sulphate 
and calcium earbonate are sublimed ; ealeium sulphate is left 
behind.* * 

Ammonia tends to combine with 4he salts of m^ny heavy metals, 
especially those occurring in the centre of the Periodic Table, form- 
ing complex salts in which the group NH.t forms paft of the complex 
cation. Many of ^hesu cr^mplex salts, such as [Co (NH3)6 ICI3 ; 

I^Oo .tl’t(WK,),lCL ; aiul iCu(NH*), |.S 04 , wiU be 

referred to^in tlu^ subsequent volumes of th^s book. 
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Bevylliuni 
Magnesium . 

Calcium 

Strontium 

Barium 

Radium 


IlA 

Atomic Weight. 
01 
24*32 
40*07 
<S7*r)3 

. - . 137*37 

. 226*0 


The metals or the Group 11a arc distinctly less reactive than those 
of Group Ta. The electrode potential *of the elements, however, 
becomes more negati\^6 as the atomic weight rises, and accordingly 
the higher members of the group resemble the alkali ijietals meet 
closely. Likewise, as the atomic weight rises, the bf.sic nature of 
the o;^des, as well as their solubility and affinity for water, becomes 
more pronounced ; thus whilst magnesium hydroxide is only 
slightly soluble, and feebly alkaline, yielding salts which are hydro- 
lysed in aqueous solution, the hydroxide of barium for more 
soluble, and acts as a strongly basic substance. Moreover, whilst 
magnesium oxide’ean readily be obtained by heating the carbonate 
or nitrate, it is ipuch more difficult to prepare barium oxide in the 


same way. Since the violcnr-c of the reaction of water upon a 
met£|J lilepends upon the electrode potcn»tial of the metal and also 
' upon the solubflity of the oxide or hydi»jxide. formed, it follows 
that tht^ higld^r membem of the group will decompose water quite 
violently (barium in ^ict reacts almost as vmlently i!s sodHim), 
, while the lower members, like magnesium and^fjcryllium, are only 
slowly and superficially^ affected. it must *06 noticed that in 
every case the metals evolve hydrogen from acids with gr/?at readi- 
nqgLS. ^ the members of the group have vej’y high heats of oxida- 
' tion ; in*evqry qase, the metal burns readily in air. The metals 
stand too near Ihe negative end oi the potei^tial series to be produced 
by the electrolysis of an aqueous Solution. 

It will' be seen that the higher apd more reactive ipembers of 
the groif^, calcium, strontium and barium, resemble the*first and 
least reactive member of Group Ia, namely lithium, not only as 

1 • • oo * 
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regards the behaviour of tlfe*<^leiuents, but^alsclih resj^ct of the 
solubility ^f the^alts/ On* the other Imiid, tht^lower lueibbers, 
ber;54^um and magnesium* have certain J)ropcrtioB in common with 
zinc, tl^ first metal of^jrA}*\p IIb ;*many of the salts of magne.^ium 
arc isotsnorphous with J/lidse i?f zinc. Beryllium and magnesium 
are also ^oscly related to ^luiiinium, which falls beside ^jiagftesj^um 
in the Periodic Tabl^. 

The metals of the Group IIa are divalent in their typical com- 
pounds. Th 5 salts are colourless. Sparingly solfible* compounds 
are much more common than in Group Ia. The solubility of the 
carbonate and phosphate is low ; the solubility ofdhc hydroxide is, 
as already stated, somewhat low in the ease of tlie first members 
of the group, but becomes greater as wo pass, through calgium and 
strontium , to barium and radium . On the other hand, the sulphates, 
which arc fairly soluble hi the case of beryllium and magnesium, 
become less soluble in the case of calcium and strontium, whilst 
the sulphates of barium and radium may be regarded for many 
purposes as “ insoluble substances. 
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EEKILLJUM 
Atomic weight 

The Metal 

Beryllium (also t'liowu as Glucinum) is a white ruetal, rather 
harder thau the ij^ietals of the last group, and also somewhat heavier, 
the specific gravity being 1-793 ; nevertheless it is lighter than any 
other metal permanent in air, except magnesium. It Aielts at 
({uite a high tempetature (1,278° C.), the heat of fusion” being 
larger than that of any ()th(;r metal. ^ It is malleable, and beads 
of beryllium llatten easily, when struck with a hammer. 

, Beryllium evohes Ijydrogen from dilute hydroehlori^ acid and 
from warm sulphifric acid. But beryllium cannot be said 

to decompose water, presumably becau.se it becomes covered' with 
a protective layer of^an insoluble oxide or hydroxide, as s’hon as 
any action has taken place. Solutions of caustic soda or potash, 
reagents wduch dissolve beryllium oxide, attack the m^ tal readity 
with. evolution of hydrogen. Beryllium is only superli(?ially oxidized 
W'hen«f.((’rted in the air ; here again the oxide formed on the surface 
protects the metal below from further attack. Powdeu'ed beryl- 
lium, however, takes fire on being heated, burning with a bright 
flame. 

Laboratory Preparation. ’The metal is prc'pared by the ele(-- 
trolysis of a mixture of beryllium a!id sodium fluorides, melted in a 
nickel crucible, wliich is use(|^ as a cathode, a carbon rod Ixung 
introduced as anode ; crystals of beryllium af/pear on the sides 
»of the crucible.* An alternative method ^ ])reparation is to heat 
berylliucn chleride with some more reactjve metal such as sodium. 
Since beryllium chlorid<*. is volatile it. is necessary to seal khe mixture 
in a bomb tube prior to heating. This meth¥.d yields beryllium 
•m small beads contaifiing but lit tle_ sodium. ^ 

Compounds 

Bfjrylliunf is formed when berylHum 

is burnt in air. It can also^be obt&ined by igniting the carbonate 

• < 

^ G. Oe^rheld, Zeitsch. A^iorg. Chem. 97 (1916), 1. " , 

* M. A. "Hunter, Eighth Int. Cong. App. Chem. (1912), 11. 134. "^Compare 
also J. Soc. Chem. hid. 40 (1921^, 314r. 
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or nitrate. A hy^ated for»u*’(usnally kndwn ^as ‘‘ b’feryUium 
hydroxide, BeOOHl^, bulf po.si«bly not a trae compoiind) is foriliod 
as a v^jiuminous gelatmous^rccipitatc wJiiAi ammo, fa is ^dded to a- 
solution vf .any berylliftm^alt. When freshly precipitated, the 
hydroxu^s readily soluble ‘in ^dds and alkalis, but if it is keil 
or any ength of time, it undlgoes.a gradual change, becoftiiL 
loss readily solublft iii acids. 'J’he “ a-ndna ” it.; i ^ 
elnuige is eidled-is greatly aeoelerifted by boiling the i^redpS 
with water btA occurs at ordinary tcmporatu;cS Arfiy . the pr^^ 
oipitate IS driodd The ageing is probably merely^ pl^J.ical change 
the precipitate beeraning denser and less gelatinous ; /the diminished 
' <^l"tion IS due to the diminution in the s^nfaco area 
I he anhydrons oxnh; dissolves only very slowly in acids and 
; abs owing to the .small siirlacc area presented the lii, X ' I 
-1<-1 possibe, by igiuti,,. at a high temperature, o convert 
bery luiiii o.xide into a form .so hard an, I chaise as to be practically 
imattacked T.y any ordinary reagent. A similar conversion of 
aluminium oxide into a hard ami insoluble*f,»ni iviHrSe met with 
kiter. It should bo me»ifion*d that ignited beryllia if harder than 

(finmnd approach* the hanlne.ss of 

P>-ecipitat,.,l form.is .so 
shgl tly *>l„ble in water tliat the saturated solution scarcely sho^s 
an .adalino reaction. Reryllnim oxide differs from the oxides., flh,' 

Smnel «at,.r, but also in its 

^tremdi^ \^^h nieltn,g.,,onit. It is an ,-xtr.m,cly refractory 

MihstaiK'e, oiily iiR‘ltiiio- at al)()iij 2,r>2r)' ('. * ‘ 

Beryllium .Salts. 'I'h,. salts can ife pre|,ared bf dissolviim the 
pree.pi ated “ hy.lroxid,. - in the muds i„ .,„..stion^ they aie all 
ni h,,„t CO our, exc^it nh,.,-,. derivd, from colourid acids. The 
su phate, l?e.S()„ u.sflally’, i;j,»stalliz,'s with four molecules of water 
dthough other liydriites Jiavo been de.serib,.,!. Tfo nitrate is 
J iqumt. The anhydrous chloride, .11, ( I,, is» prcMabV 
bt.umrt by jiassing cMoriiie gas over a heateifmixture of beryllium 

Z'l hlT*'^ * 1 ," beryllium oxide and carbon 

^bou d be made into pellets, amUieated in a ha^d gla,ss tube through 
wh eh chlonse is pas.se,!. 1’h> is a genera.1 method of making 
anhydrous chlorides. Beryllium chloride is vol!vtilo and has a 
vapour density corresponding to the formula BeCL. ‘It is dflKques- 
cent, as indeed are all the chloriddS of the metaLs'o! thi.s grouS 
Various hydrates are know. ' 

The solutions ,of .soluble bei^mum salts usually have all acid 
^ F. Habor and G. van Oordt, Zeitsch. Anorg. Cfiem. 38 (1904), 377. 
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reactioif' owing /to Aydrolysis, an*<l Lave a sweetish taste; hence 
the'alternativ% name of the metal--<'‘ gluUnuii)'.” ' ^ 

Organic Saits A Wiien beryllium ^arbonate is treato/ with 
excess of formic, acetic, or other fatt|/ acid, curious volatile salts 
are produced ; as a result of anblysis f nd the deterir'Liation of 
wipour (density, the formulie* (H.cbo)6Be40 and (CH3.C00)6Be40 
Jiavo been assigned to the forii^ate and acetate respectively. They 
are practical! j/’ inyojuble in cold water, but the acetate dissolves 
readily in’ chloroform. 

Insbluble ^alts. When a beryllium salt is precipitated with 
sodium carbonate, the white precipitate consists of a basic car- 
bonate. If tins is suspended in water, and carbon dioxidu is passed 
through the suspension, it passes to some extent into solution, 
the normal carbonate (BeCOa), which is soluble, being formed. The 
latter substance, however, readily loses carbon dioxide, regenerating 
the basic salt. Another insoluble salt is the phosplu.te, which is 
obtained whpn an i^kc.li-metal phosphate is added to a solution 
of a soluble sli.lt of beryllium. ^ - 

Beryllates. A ^solution of beryllium hydroxide iit caustic 
alkali probably contains a “ beryllate,” corresponding to the 
“ zincate ” formed from zinc oxide. But the solutioiM are strohgly 
alkaline, and would appear to be considerably hydfolysedu Beryl- 
lium hydroxide is readily deposited from the dilute solutions. Many 
chemists would say that the apparent solvent action of alkafis on 
beryllium hydroxide is not due to “ chemical combination ” but 
to “ peptization,” a dolloidal solution being produced. But, as was 
pointed out in (Raptor VII (Vol. I), the two views are not so irrecon- 
cilable as is sometimes supposed. 

Analytical 

Tn<jthe solubility of its salts, beryllium resembles aluminium 
more closely than any member of its ovm group. It^.is ea^jly dis- 
tinguished, and even separated, from most oj^her metals. It gives 
no precipitate with hydrogen sulphide in acid, solution, but it gives 
an insoluble hydroxide upon the addition of ammonia, which dis- 
solves readily in' caustic alkalis. Aluminium behaved in exactly 
^the s^^me way, and the separation of these two elements is less easy. 
However, by abiding 6 N sodium hydroxide to a solution containing 
both metals, until the precipitaW of hydroxides just redissolves, 
diluting the solution and boding for forty minutes, the whole of the 

' G. ‘clrbain aiiji H. Lacombe, Go^nptas Rend. 133 (1901), 874 V 134 (1902), 
772. 
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beryllium is reprecipitatcd ai» Ajrdroj^idc, owing tiitr nydrolysis 
of the bery^!at^ ■ ^jpdiuiA alufuinate is less easily c^composed*ehd 
the aluminium rcmaius in Solution . ^ 

Ha^Big obtained a MuVion pf a •beryllium salt free from otj^cr 
metals, ij^can be precipitated |ls hydroxide with ammonia ; Uio 
precipitate is then filtered ^fl, ^nd, lifter drying, ignited^; if* p^- 
ferred, it can be Igiiitpd in contajit with the filter paper. The 
residue is miighed as beryllium oxide (BeO). 

Terkestrial Occurrence 

Beryllij^m is one of the rarer elements, but it rAust have been 
present to a small extent in the molten masses of silicatea which 
from time to time have been intruded upwards into the earth’s 
crust. Like other rare cletncnts, it has tended— during the solidi- 
fication of yie magma — to accumulate in the portions which re- 
mained li(piid to the end. l\‘gmatitic ve^ns. for instance, some- 
times contain the silicate^ of beryllium and juuminikin, known as 

Beryl . Be;^Al|(Si 03 ) 6 . * 

It seems, however, fairly certain that the vapour of beryllium 
fluoTide was*also among the gases released from tlie igneous mass 
during t^iat last stage of cooling, for w'C find lieryls associated with 
various other minerals such as tourinalin(‘, and topaz, whij^h tire 
knoiJ.) to have biicn formed by the action of gases containing 
fluorii i< and^ boron . 2 

Where, • as in Madagascar, the original ignCous rocks containing 
beryls have become converted into reckeartlis or lat^ites, the beryls 
have remained unchanged. Then extradion from such soft 
materials is, of epurse, comparatively easy.^ *’ 

Beryl is sometimei colourless, but often (contains traces of other 
metals which cause? it to 6e coloured. A pale grcitm varietj^is 
known as “ acpiifmafine,’^ whilst a bright green variety, ''yhifch 
owes its colour to th(;,presence of chromiumVs called '' emerald.’’ 
Beryls occur in all parts of the world, notably the United States, 
Mp dagascar,. Brazil, ^ndia, art d Siberia. The •best emeralds come 
from the Republic of Columbia J where they ueeur in calcite veins 
traversing af limestone.'* These veins were probaMy caused by the 
passage of fluoride vapoilrs or fluoride w'aters — containing a^j^'taiii'^ 

^ H. T. S. Britton, Analyst, (1921), 3^9. For other metnoas, see oir vy. 
Crookes, “ Select Methods in Cheinic^f Analysis” (iiOngmafis), 1906 edition, 
p. 160. • • 

» Compare Hr Hatch, Trans. Inst. Min. Met. 21 (1911-12), 2^)3. 

* G. F. K«nz, .fiJngr. A/m. J. Ill (1921), 14. , “ * 

* C. Olden, Trans. Inst. Min. Met. 21 (1911-12), 193. 

M.O. VOL. H. 
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amount di beryllAim fluoride— rthrd^gii the cracks of the limestone. 
The* calciupa carbonate Of the limestone iias been ' attacked, and 
afterwards has been redeposited as calcitJe^ whilst the comparatively 
sm^ll amount of beryllium fluoride h^(^ buffered decomitosition, 
the, beryllium being deposited as grfven'si%ate crystals (^pieralds). 

i^tnough beryls of the variety su/talije for display as gem-stones 
aj;e comparatively rare, the lef^s choice crystals are far from un- 
common. In a few;^p|aces very big crystals occur. In New Hamp- 
shire a partioular crystal was found weighing 2,900 lbs. 

Another form in' which beryllium occurs is the aluminate 
Chrysoberyl . . . BeO.AlgOg 

which likewise occurs along with tourmaline in granitic rAcks, and 
is also found as pebbles in deposits which presumably have been 
derived from such rocks. The simple silicate 

Phenacite . . . Be2Si04 

is also found in nature.^ 

Another bei|dlium mineral, which will be mentioned a^ain in 
the section on the “ rare earth metals,” is 

Gadolinite . . . Be2Fe(Y0)2(Si04)2. 


Technology and Uses 

Gem -stones. The clearer varieties of beryl, and especially 
the green variety known as emerald, are considerably sought after 
as gem-stones. It is’' perhaps a little curious that the' emerald 
should be prized so highly a^j a gem, since in the two properties 
which are generally desired in jewels, namely high refractive index 
(which causes lustre) and great hardness (which ineans durability), 
emerald stands distinctly below mort »f th^^ other gem-stones. 
Nevertheless rmeralds appear to be one of the most highly prized 
of ‘stones. iThe emerald mines of the Kepublic*of Columbia are 
largely worked, whils': the other varieties oLberyl are obtajned in 
many places, notably in the Lip^iousin and in Madagascar. The 
by-products from the beryl industry form {Jie most important 
sources of beryllium ‘compounds.^’ 

Preparation of Beryllium Salts. In the preparation of 
^erylfiem compounds, the less choice ancl smaller fragments of 
b?ryl are employed. Beryl not an easy mineral to decompose, 
being practicaSy un^ffeqted by » treat nfent with acids. If very 
finely J)owdered, however, beryl is slowly attacked by various 
mixtui^s of fusod salts ; the fine powdering is of impbi^^tnce, as it 
is pssp,r»t.ial tci T>rodiine the maximum surface of cnutact hetweeu the 
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beryl and the solvent. A filseS mij^ture of soditi^ an'd^ potassium 
carbonates**ha*s beien u^ed a solvent, *but proLebly^the esfsiest 
way ^ breaking down b^f yl is to heat the finel/ divided mineral 
with^dium silicofluo?id(|*(J^a^Sil\).^ After heating, the mai^ is 
extracted with boiling ^water.^ when beryllium fluoride dissolves, 
silica and aluminium hydrpxille being left behind as aw in.folujifle 
residue, which can b^ removed filtration. From the filtrate, 
beryllium Is precipitated as hydroxide by n^jyis of caustic soda ; 
the precipitate is then dissolved in sulphuric acid. a1id*l^ recrystal- 
lization, beryllium sulphate can be obtained in ’a state of moderate 
purity. 

Where gadolinitc is the source of beryllium, the powdered mineral 
can be decomposed most easily with hot concentrated* srfilphuric 
acid.2 

Uses . There are but few technical uses for beryllium compounds. 
Beryllium iiitrate is added to the thorium solution used for the 
impregnation of gas mantles ; the pres^n^e of beryllium oxide 
in the. ash skeleton of thoria appears to add to the*dtrength of the 
skeletop. At the coifimencement of the war, some dilficulty was 
caused in the mantle industry by the shortage of beryllium salts ; 
th<» difficulty was soon overcome.^ 

Beryllium-capper alloys are said to have very valuable pro- 
perties, but their use is restricted by the expense of obta^iiing 
beryllium. Owing to the low specific gravity, the queStion of 
employing beryllium in light alloys is arousing interest. Were 
berylliupi tres more plentiful, it is likely tjaat bcryllia would find 
employment as a refractory. 

^ H. Copaux, Comptes Rend. 168 (1919), 010. Numerous alternative 
methods ai’O given t>y J. S. Negru, Met. Chein. En<j. 21 (fill 9), 353. 

C. James and C. Pefloy. J. Amer.^Riem. Roc. 38 (1910), 875. 

^ S. J. Jolmstone, ,/. Roc. (^heni. Ind. 35 (1916), 812. 
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MAGNESILWf 
Atomic weight 


24*32 


The Metal 

Magnesium'' is a w^ite metal, having a brilliant lustre when fresh, 
although it soon, becomes dull in damp air. It is much softer than 
beryllium, being actually a little harder than tin; magnesium is 
both ductile ancl malleable. It melts at 650“ C., far beiow the 
melting-'point of ba^^yllium, and boils about 1,100° C. It is the 
lightest metal which can be said to be “ permanent ” in air, lighter 
actually than beryllium or aluminium, the specific gravity being 
174, 

Magnesium is more re£U"tive than b(^ryllium. It evolves hydrogen 
with great rapfcity even from very dil\ite acid solutions. On the 
other hand, it is unattacked by caustic alkalis, and reacts on^y very 
slowly with pure water, possibly because the product of the reaction 
is the hydroxide, which is but feebly soluble and which seems 'to 
produce a protective layer over the surface of the n.etal. ^Never- 
theless, when certain salts are present in the water, hydrogen is 
freely evolved, and magnesium hydroxide is produced in a form 
which does not seem to interfere with the continued attack upon 
the metal. ^ Sodium,- potassium and ammonium cKiordes are 
notably effective in promoting the attack of magnesium by water ; 
chlorides of calcium and barium are said to have a less marked 
action. « 

Although most of the investigators jirefer tp ascribe the effect 
chloridej^ in promoting the corro?ion of magnesium vaguely 
to some “ specific catalytic action ” exerteM by vthe salts in question, 
it is possible to suggest^ u more satisfactory explanation. Ammonium 
chloride has— as is well known — a considerable solven'i; power for 
magnesium hydroxide^ and thus it will preveric the forpiation of a 
protective film. It i^ often stated that the same explanation 
cannot be extended to the case of the other chlorides (e.g. potas- 
.^um chloride), because when magnesium is*attackcd by potassium 
chlpridC’ a 'iqpious precipitate of magnesium hydroxide appears. 
But, although the solvent power of ^potasgium chloride may not be 

' L. Kuhlenberg, J. Amer. Chem. Soc. 25 (1903), 380 ; C. F. Roberts and 
L. Brown, J. Amer. Chem. Soc. 25 (1903), 801 ; F. H. Qetn^n, J. Amer. 
Chem. S6c. 38 (191C), 2r)94 ; 39 (1917), 690 ; W. Hughes, Trans.*tJhem. Soc. 
115 (1919), 272. 
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sufficient to prevent tlje formation of solid magnesium hydroxide 
entirely, {u may »l)e sufficient to modify the ctiarai5ter of the 
hyd'^ide precipitate^ a substance precipitated from a solution 
in wmch it is partiallyJ*aolut>le I usually differs considerably in 
physic^ condition from the Isame substance precipitated fram a • 
solution in whicli the sohibiftty i^ very low. Furthei^ore, it is 
rather to be expected* that the pr*i«ence of chlorides in the solution 
will tend *to “ loosen ” the hydroxide, caugiiig the compound to 
enter the body of the solution as a diffuse prccipit^fte, instead of 
adhering to the surface of the metal as a tight protective film. Any 
dissolved substance which lowers the interfacial tension between 
the wa^r and the hydroxide is likely to have this*loosening action, 
and the fact that chlorides are known in m^ny case^f to have a 
peptizing action upon precipitated hydroxides would seem to indi- 
cate that chlorides do reduce the interfacial tension between the 
hydroxidei; and water. ^ 

Even towards acids, magnesium somet^n^es shows “ passivity.” 2* 
For instance, the metiiji is attacked readily by 5#per cent, acetic 
acid, j^ut the additibn of 1 per cent, of potassiunf dichromate 
completely stops the reaction. On the othc/hand, the addition of 
chlorides causes the action to recommence. Here again the 
passivity is irobably due to a closely adherent oxidized film, vffiich 
in the presence of chlorides becomes ineffective as a prote^^tive 
layer. • 

It is notewortliy that amalgamated magnesium is less liable to 
passivity •(partial or total) than pure ma^piesium ^ ; possibly the 
oxide does not adhere so readily to an amalgamated surface. 

Magnesium, when heated in air, burns witli a v^y brilliant flame. 
The light emitted is of an intense bluish-white colour, very rich in 
ultra-violet ray^. No doubt the brightness is duo to incandescent 
particles of magnesium oxide. The light is quite different 
that evolved by fifyncs containing metals in the vaporous state. 

Having a more negativef electrode potential than aiTy other metal 
which is slt^ble towards water, magnesium is capable of precipitating 
many other metals' from sqJutiAis of their salts. To some extent, ^ 
the oxide-fllra intefferes with^tiiis, but if the solution is even slightly 
acid the ^emplacement at once\)ccurs. Thus ra|^gnesium immersed 
in a solution of coppey sulphate liberates metallic copper, fjithoug^ 
hydrogen is always evolved at tl^e same time. ~ 


^ U. R. Evans, Trans. Faraday So^. 18 (n)22f, 3. 

* R. Lohnstein, Zeitsch. Elektrochem. 13 (1907), 013. 

* {See ^ P. Beck, Rec. Trav. GJnm. 41 (1922), 353, wljo has con#|)ared the 
electrode potentials of pure and amalgamated rhagnesium immersed in 
numerous solutions. 
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Laboratory Preparation.* Magnesiunj has^ to 9 r^egative a 
nornial eleqtrodtj potential to be deposijbed in t-he elenjental con- 
dition by the electrolysis' of an aqueous/ solution of a sal^ The 
element can be formed by th/ el,ectPoi/^sis of fused ma^esium 
chloride, the melting-point of winch ^is con’veniently loweri^ by the 
ad(?ition df potassium chlorid^.^ Tne -fused salts must be quite 
frpe from moisture and from magnesium oxide ; any traces of oxide 
present can be convcvt^d to the chloride by adding a little ammonium 
chloride to the fused mixture. The electrolysis may be carried out 
in a graphite crucible, which serves as cathode, a carbon rod being 
introduced as an anode. Precautions must be taken that the 
molten magnesium formed at the cathode does not become y^ttacked 
by the ohl'orine procjuced at the anode, or by atmospheric oxygen. 
The magnesium is deposited in a somewhat spongy condition, but 
can afterwards be melted up to a button under a covering of calcium 
fluoride. r 

If during electrolysis tljp fused mixture becomes too impoverished 
in magnesium, <*:he precipitation of potassipm at the cathodQ may 
commence. - This can be recognized by the ' bath becomings blue ; 
the presence of metallic potassium and sodium in fused salts usually 
causes a blue colour. The remedy is obvious. Dark spots are 
sometimes produced in the electrolyte during the preparation of 
magpesium ; these have been ascribed to the formation of a sub- 
oxide ; * they only appear if the electrolyte employed contains 
traces of magnesium oxide. ^ 

Compounds 

Magnesium oxide, MgO, is formed, together with a small 
amount of nitride, when the metal is burnt in air. If the com- 
bustion takes place in oxygen, the oxide only is produced. The 
Sadfb' substanoo is formed by heating *’the carbonate or nitrate. 
SeVferal varieties exist, differing greatly in d’^nsity, the strongly 
ignited form being lesc' reactive than the more voluminous forms. 
The hydrate, magnesium hydroxide, Mg(QH) 2 , is formed as a 
white precipitate by the addition of caustic spda or potash to a 
solution of a magnesium salt. It jy probably a definite chemical 
compound. The Hydroxide is only very sparingly soluble in water 
■^aboutvJ. part in 50,000), but the solution te distinctly alkaline to 
inoficators. ’"K 16 same precipitate is formed when ammonia is added 
to a solution of p, magnesium salt >,-but it is not precipitated if an 

' S. A.'T'ucker and F. L. Jouard, Trans. Amer. Electrochem. Soc. 17 (1910), 
249. ^ 

“ H. C. Frary and H.' C. Berman, Trans. Amer. Electrochem. Soc. 27 (1915), 
209. 
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ammonium salt is present, •fcfr reasons explaine^l in ’Cliapter VI 
(Vol. I). ' ‘ 

Soluble Salts. Wt^cn '^agnesium or'its hydroxide is dissolved 
in an acid, a solution of ma^es^ira salt is produced. The salts 
themsel>es can bo isolated from j.his solution by crystallization. < 
The sulphate, MgS04.7H20t fo^^s colourless rhomlfic priwns 
isomorphous with thc^ sulphates o^ many other divalent elements 
(such as zinc^ cadmium, nickel and ferrous# ifon)^ The nitrate, 
Mg(N03)2.6H20, and the chloride are deliquescefnl, like the 
corresponding beryllium salts. The chloride is not easy tef obtain 
in the anhydrous state by the evaporation of a* solution of the 
oxide OB carbonate in hydrochloric acid. When s&ch a solution is 
concentrated, one of the hydrated chlorides ^(i^sually M^Ola-bHaO) 
is deposited. If we atteny)t to drive off the water of crystallization 
by heating the solid hydrate, the salt is converted in part to the 
oxide, thiii 

MgCl.^ + H2O == MgO ^Cl, 

hydro*gen chloride bovi^ ew)lved. In the presenc(f of air, chlorine 
is alscf produced, t 

MgCla + 0 - MgO 4 - CI2. 

Consecyiientlyf the ultimate product of evaporation of the chloride 
solution consists in a largo degree of oxide. However, hydrated 
magnesium chloride can be successfully freed from water by*h eating 
in a current of liydrogen chloride ; the presence of excess of this 
‘ gas, wlijcl^is one of the products of the cli^nge, 

MgCU + H2O = ^gO + 2 HC 1 , 

prevents the decomposition from taking place. The anhydrous 
chloride dissolvc^p in water with the^ evolution of •heat. 

Insoluble Salt^ iijlbhe case of beryllium, the insoluble salts ^ 
include the carbo^nat^ and phosphate. When* a magnesiuip 
sulphate solution is prec%)itated by sodium carbonate, a basic 
magresiunBcarbonatb (or mixture of basic catbonate and hydroxide) 
is produced. A light variety «s obtained wlien precipitation is 
conducted *in the «old, and 8 ^ denser prodifct is obtained from a 
boiling solution. The carbo^^e, although jllmost insoluble in pure 
water, is quite soluble in water containing carbon dioxide, a soluble 
bicarbonate being no ioubt produced, as in the case of tike corr&^ 
spending calcium compound. 

Various phosphates of*magnlfeium ar§ pi^ducec? by precipitating 
a solution of a magnesium salt*with the different phosphates of 
sodium.^ The acid phosphates are comparatively soluble^.# When 
a magnesium salt solution is treated w\th sodium phosphate in the 
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presence ‘^*amnv^nia, an insoh ble ^oiible phosphate^ Mg(NH 4 )P 04 . 
6 H/ 0 , is t^^rown down as a crystalling precipita;^. Th^ substance 
on heating leavek magnesium p 3 rrophosihate, MggPgOr. 

* 2Mg(NH,)P04 = mJ^PA + H,0. 

iMagn^ium nitride, Magnesium is, the first metal to 

considered, which forms a nitride of suffioient importance to call 
for remark. It wiU be seen later that, in the case of several of the 
metals that "follow, notably aluminium, titanium and vanadium, 
the nitrides are quite stable compounds. Magnesium nitride is 
formed to a small extent when magnesium is burnt in air ; it is 
produced free from oxide when the metal is heated in a cyarrent of 
nitrogen, V)r in gaseous ammonia. It is usually described as a 
yellow-green substance, which gradually decomposes when exposed 
to damp air, ammonia and magnesium <Sxide (or hydroxide) being 
formed. The same change occurs quickly, with considerable 
development of heat,^w|;ien the nitride is introduced into water. 

MagnesiunT peroxide. When sodjum peroxide is added to a 
concentrated solution of a magnesium salt, a white pracipitate 
which contains a hydrated form of a peroxide, mixed with the 
ordinary hydroxide, is produced. , •• 

Organic Compounds of Magnesium. Very important com- 
poifiid^ are formed by the action of certain organic iodides in 
ethereal solution upon magnesium turnings. »Thus an ethereal 
solution of methyl iodide (CH 3 I) yields the compouncj CHg.Mgl ; , 
this compound can be isolated as a solid when the ether is Removed 
by evaporation,^ although the crystals obtained still contain one 
molecule of “ ether of crystallization.” Other analogous com- 
pounds, such as CgHfi.Mgl, arc known. They tyre much used in 
organic chemistry under the^name of iGrignar\l’s reagents. 


Analytical ' 

Salts of magnesium are charjrcterized by, no marked colour 
reaction, but the distinction and separation of the clement from 
other metals is not Vt^ry difficult/ “"^ince the insolubility of the 
hydroxide is far from complete, the metal is not precipitated by 
Snmonia in the presence of ammonium salts. It is also not 
prScipitateef by' hydrogen sulphide, nor by ammonium sulphide 
(for magnesium*' sulphi/ie js decomposed ' by water); nor yet by 
ammonium oxalate (for magneJjium oxalate is not sufficiently 
insoluble). Now, practically all other metals, except ‘m^^gnesium 
and the alkali-metargroup^ are thrown down as an insoluble com- 
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pound by one or other of the i%agente|mentioned, ajid cahjEherefore 
be separated. Aft^warAs mJgnesium can be sepaiate(| fromVthe 
alkali- metals by virtue of tie insolubility 6 f the ddhble ammoniunr 
magne^Di phosphate in s^ytieps Containing ammonia. ‘The Ijot 
solution ysi made strongl#^ amnfbnitj pal, and sodium phosphate is 
added. The solution is stirred fv^ell,''^nd allowed to stand rfor l^oi^^e 
time ; the magnesium* comes dow^ i as a crystalline precipitatj 
consisting df the double salt, Mg(NH4)P04^ ^The precipitation 
requires time, l^t, if the conditions are right, it is quite Complete ; 
the precipitate can be filtered off, washed witlf water containing 
ammonia and ignited with the filter paper. The resfdue is weighed 
as magn^ium pyrophosphate, Mg2P207. • 

The common alkali metals are not precipitated undej; these 
conditions ; but, if lithium should be present, its phosphate, which 
is also insoluble, would bft thrown down at the same time. In 
consequence^ if the mixture of salts should contain lithium, the 
magnesium is not directly precipitated as phosphate, but is thrown 
down as hydroxide by boiling with milk of lifne. "Jhe precipitate 
consists* of hydroxides ©f calfjium and magnesium. It is dissolved 
in a little acid, and then made ammoniacal. ^he calcium is first 
seps^ated as insoluble oxalate, and the magnesium afterwards 
precipitated as.the double phosphate in the manner just described. 

Terrestrial Occurrence 

• Magnesiuai is an element which occurs very abundantly on the 
earth. In the consolidation of intrusive igneous masses, the 
magnesium has separated for the m(f^t part in th^ portions that 
have solidified in the comparatively early stages, that is the basic 
and intermediate portions. Here we ^d crystals of such minerals 
as 

Olivipe ^pr ptridote). . {Mg,Fe)Si04 
as well as far more coyjplox silicates like augil^nd hornSlende, both 
of whi^ contain magnesium. 

When the^ rocks are exposed to the action, of water and carbon 
dioxide, they readily underge^^hanges. Ocjpasionally, the mag- 
nesium remains in the mass after the alterations Peridotite, for 
instance, an ultra-basic rock consisting largely of olivine, becomes 
weathered to serpentine-rock. The^main consituent the^attgr 
is a hydrated silicate of magne^um, ^ 

Serpentine . . • . . ^Mg 0 . 2 Si 02 . 2 H 20 . 

formed by»rAinoval of most of *the iron. The altered rocl?*has a 
mottled appear^TK^fi printaininor rftH nnrtinns. tVio colour of which 
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is due to^o'xide gf iron derive<i. fronS t*he original olivine ; the altered 
crystals of olivine are generally trtiver^ed b^* a regular network 
‘representing thb old cra'cks through wlijch the water which caused 
the change must have penetra/;ed^the^<ij[ivine, and along tlfe lines of 
these cracks remain strings of | particle's of magnetite (Fgf 04 ). The 
n^esfi-stMicture which is chaijcteiisth^ of serpentine is due to this 
/?ause. \ . 

It is probable Jhat the important mineral 

' * Talc 3Mg6.4Si02.Hi,0 

is also produced by the alteration of ferro-magnesian silicates, 
although very likely from minerals like augite and hornblende, 
rather than from olivine. •' 

By Ihe action of* carbon dioxide and water upon rocks rich in 
magnesium, the carbonate is frequently, produced, and it is probable 
that some of the important deposits of 

Magnesite .... MgCO^, 

f ^ 

notably those of Euboea (Greece) have, been formed in this way. 
In such ckses magnesite is usually associatbd with serpentine. On 
the other hand, the^tyrian magnesite, as we shall see, has a different 
mode of origin.^ ^ « 

^ But in most cases the more important result oj&» weathering has 
bqen to remove the magnesium in solution, and consequently all 
naturU waters which have passed through magnesium-bearing 
rocks come to contain magnesium. Soluble salts of magnesium ox ii. 
norm aljiuiinatitiiejit^^L^^ and are tHns into thb 

sea. Where reefs of coral or deposits of shell have been formed on 
the bed of the' ocean, and are in the process of being consolidated 
into limestoiiQ (CaCOa), the magnesium salts often act upon the 
calcium carbonate, part of tke calcium being rcj?]Sced by magnesium, 
T«£y^J^ftrthat the ^incral 

*■ ' ^ Dolomite . . OaCGa.MgCOg 

( 

is formed. In suclf cases, the strata, instead of h^rdewng into 
true limestone, comes to form magnesian ^limestone ” or “ dolo- 
mite-rock.” Sometimes as a resujt of further alteration the whole 
of the calcium ma/rbe eliminaV;J, leaving magnesite. The im- 
portant magnesile beds of Styria have been formed in this way. 

It K quite likely that, in many cases, Ihe “ dolomitization ” of 
flmestone ^m*ay occur long after the calcium carbonate deposit has 
been consolidated intg ha*rd rock,<'2;hrou^ the agency of magnesium- 
bearing waters permeating thrdugh the rock in question. Possibly 

^ For mode of origin of magnesite see F. W. Clarke’s “ GSbehemistry ’* 
(published by U.S. Geol. Suijvey). 
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much of the ma^esian limestoitet)f England was originally ordinary 
“ carbonifero^ls limeijone*’ but has undergone alteration through 
percolat^g waters containing magnesium ‘salts derived from the • 
Permian^nd Triassic rocks ‘i^ba’sje i|. There has been a ‘certain 
amount of*., disagreement f^niohg geol| gists, however, regarding tlje 
question of dolomitization. 

A considerable part of* the magnesi:<ra which finds its way to the^ 
sea, however,* is not removed, and so the metal ^p|jds to accumulate 
in the water. Nbrmal sea -water contains magnesium *to*tfie extent 
of about 0*5 per cent, of magnesium chloride (reckoning the whole 
of the magnesium as chloride), but the waters of many of the bitter 
lakes of desert regions, which have partially evaporated, contain 
much more. The Dead Sea contains over 9 per cent. it is 

only where inland lakes have gone through *a long process of 
evaporation — as at Stassfuft — that the deposition of solid mag- 
nesium salts J;ias taken place. In the upper parts of the salt beds 
at Stassfurt, where potassium deposits occjir, magnesium is also 
found. Of course, the principal source of potJ-ssium^ 

Carnallite: ’ . . KCl.MgCU.eH^O 

contains magnesium, whilst other minerals found at Stassfurt, such 
as tlfe sulphate, 

• Kreserite .... MgS 04 .H 20 , 
contain magnesium as the only metal. 

Technology and Uses# 

Manufacture and Uses of MagneSium Oxide and Magnesia 
Refractories. The main employment of magnesium compounds 
is due to the hightmclting-point of mjjgnesium oxide. Both cal- 
cined magnesite and^alcirfec^dolomite are used as refractories for 
the lining of furnaces, ^and^pr other purposes where a ftiaterial wi^ 
a high softening- temperature is required.^ Calcined •magnesite 
consists# essei>.tially of^agnesium oxide (Mgf)), although, it may 
also contain iron oxi^le which considerably lowers the melting- 
point ; calciited dolomite naturally consists of a mixture of mag- 
nesium and calcium oxides. Coined magne/ite is preferable, but 
more expensive, magnesite being much less common than dolomites 
The employment of both substances is very extensive in the manu- 
facture of steel by the “ basic processf” Here the slag* v^ich mu^ 
have a distinctly basic cHkract^, woulc^ readily interact with a 
furnace lining of silica (the refractory employed in the “ acid steel 
process ”)^ A basic lining for the hearth is theref<are necesSary. 

Calcined magnesite is largely employed in steel-furnaces in the 
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form oi'^iAagne,site bricks. I’he bficlks made from ^tyrian magnesite 
w^re for^erli/ considered to be the bejJt. 'jrfiis was not so much 
'■ due to the quality of the original Stygian magnesite, as t^thb care 
with which it was selected, |alc,me(} and graded. Early attempts 
to prepare magnesite bricjls ih England — chiefly from Greek 
/na^nesite — were not very rfycces^dul. The rqw material found in 
, Greece is actually purer than that found in Styria, but for this 
very reason it requires to be subjected to a highef temperature 
before sintering occurs, unless a “ bonding agent ” is employed. 
Moreover, the Gteek magnesites have, as stated above, an entirely 
different mode of origin from the Styrian ones, and differ from the 
latter in structure ; this, may also 
contribute to the difference in be- 
haviour of the two varieties on burn- 
ing. Witfl experience it has become 
possible to produce fropi Greek mag- 
nesite bricks perfectly suitable for the 
steel-makers^ and it is hoped shortly 
to excel'the Styrian product.^ 

The calcination of the magnesite 
generally takes place in vertical kilns 
which may be either continuous or 
intermittent. The continuous kilns are 
tall (perhaps 40 feet in height) and 
narrow. Fig. 12 'shows a kiln heated 
by flames from burning ^fiiel (coal or 
lignite) in the grates G. The magne- 
*site is charged in continuously at the 
top of the shaft (S) so as to keep the 
„ kiln full. As the/.riagnesite descends, 
12.— Continuous Kiln. it becoihps * intensely heated by the 

^ ^ ascending passes into the 

cooling-spl«ce C completely converted to magnesia (MgO). Here 
the charge of magnesia is cooled by the indbming ai»^and*ian thus 
be dropped directly into trucks «plac^d below. A, whilst the incom- 
ing air is at the sahie time heated, and enters the kiln proper at 
a high temperature^ 

• Where the calcined magnesite is required for making refractory 
briefit, a very high burning temperature (1,400-1,700° C.) is to be 
f)referred,* as the sintering of •the material should be aimed at. If 
too low a tentperati^e i^ employ'ed, the bricks are likely to shrink 
and ctack, when they are ultimately put to use in the lining of a 

^ it Crook, TfanstCeram. Soc, 18 (1918), 67 ; W. Donald, ^'rans. Ceram, 
Soc. 17 (1918), 486. 
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furnace. In the manufacture ftf ^fbe pricks, tnti calpined’ niaterial 
obtained froi? tfie isigroulid, partly to coarse granules, aid 
partly to fine powder ; a mpiture of the co^se and fine varieties is 
made int^ a paste with watl^, kjpttfor about a week, and thep 
pressed into brick form ; |oftletiilies I little dextrin or some othq;' 
substance is added as a bindcj*. tTh(fericks are then burnV in*th^ 
same way as ordinary bjicks, Iv't atja higher tempera time. ^ 

In the linhig of steel-furnaces, magnesite j^ycks are usually 
employed at the base, but often a plastic mixture of grduncf calcined 
magnesite and tar (or calcined dolomite and tar) •is applied above 
the bricks, the mixture being pressed or rammed intb position, so 
as to form a thick layer over the whole surface tojbe protected. 
When the furnace Ls heated, this becomes consolidated int(i % hard 
mass, and will withstand very high temperatures without serious 
alteration. • 

Dolomite bjicks are made in a similar way, but do not “ travel ” 
well ; they are usually made on the spot where they are to be used. 
The dolomite employed for lining the hearth of ft basic^steel- furnace 
is, however, mainly applied ib a plastic form mixed wilb tar, as 
described* above ; the dolomite intended for tile plastic mixture 
shoul^ not be too strongly ignited. 

Besides its u^e as a refractory, calcined magnesia has a con- 
siderable Employment in chemical processes. For such purposed 
the high temperatures of burning mentioned above arc not necQfJsary 
or even desirable, intermittent kilns of comparatively primitive 
character stitt give satisfactory results in many chemical works. 
Those are generally much shorter and broader than the continuous 
kilns, and there is in most cases no extft’iial grate ; the fuel needed 
to produce the necessary heat is introduced into the kiln itself along 
with the charge. \tQien the kiln is full, ^le fuel is lighted and burns 
for perhaps two or tmee dfiy^^ the kiln is afterwards opened, and 
the magnesite — now changi^ to oxide — is removed. 01early, since^ 
the kiln cools down afJer evei;y run, the fuel jonsumption of inter- 
mittent #^orling is hi^er than that of contiguous workipg, and 
the labour-cost is also heavy. Mouseover the type of kiln in which 
the fuel is butnt in the shaft flame fimifj) requires a better 
grade of fuel than that in whicR^n external fire-place is provided 
(long flame firing) ; for in the first case, the ashes Rf the fuel comt* 
out mixed with the product. * 

When magnesium oxide is “ slaked” with water, it’fo'tms mag* 
nesium hydroxide, and the buspeAsion of IJie hist-naiied substance 
in water (known as milk of magnesiH) is often a convenient fdrm of 
mild alkalis It is, moreover, the starting-point of .one pro(?Wss of 
making potassium chlorate. (See page ^3.) 
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Uses ^ of Magnesium Sfilts. Several of the ^soluble salts of 
magnesium are derived from the *bye-{)rod;jycts of ^he Stassfurt 
' potassium indtistry. Magnesium ch^ide, for instance^ is left 
behind; after the separation 4ii pata^sium ehloride from a solution 
o^^ carnallite. The sulphate also cfecufs^ as kicserito, in the Stassfurt 
^epfositfl, in a hydrated form .4 Thf pure sulphate, which is obtained 
^by recrystallizing the natural product, has recently found rather 
extensive employ njent in the Grillo process of making sulphuric 
acid. Tha choice of magnesium sulphate for the purpose is not due 
to any chemical {)roperty that the salt possesses, but simply to the 
porous, feathi^vy character of the anhydrous salt left behind when 
water is drivon by heat from the hydrate MgS 04 . 7 H 20 ., If, before 
the ignkion, a little platinum salt be mixed with the magnesium 
sulphate, finely-divided platinum is left distributed throughout the 
porous mass. The mass constitutes ' a most active catalyst for 
causing a mixture of sulphur dioxide and oxygen tp combine to 
form sulphur trioxide^ the great activity of the catalyst being no 
doubt due to^the la/ge surface presented by the anhydrous sulphate. 
The soluble character of the salt wil^also <ie appreciated when — as 
will inevitably happen after a time— the platinum becomes 
“poisoned” through the adsorption of arsenic or other impurities 
contained in the gases. It is a comparatively eas^^?- matter to dis- 
solve the whole of the magnesium sulphate in water, after Which the 
small amount of metallic platinum can be separated by filtyation 
and can then be purified. 

Magnesium salts fmd employment in medicine. The sulphate is 
best known under the name of Epsom salts. The solution of the 
bicarbonate is^ also of valu<^. Various effervescent mixtures, con- 
sisting essentially of dry magnesium carbonate and citric acid, are 
popular ; they evolve carbon dioxide violentlvir when stirred with 
^ wa ter. 'V 

^ A mixture, of magnesium chloride aryd oxide, usually containing 
other subs«iances, is used as Sorel cement. When moistened with 
water, it sets to a iharble-like mass consist^g of a teasic e^hloride. 
For flooring purposes, a mixtuue containing 40 per cent, of mag- 
nesia, 10 per cent, ''of magnesium chloride, «ilong with “ fillers ” 
such as clay, sawdus‘i, and “ terras alba ” and colouring matter such 
os Venetian Red, has been recommended.^ The nature of the 
“ setting ” process is probably similar to that of plaster, which is 
Considered, in^the section on calcium. 

Manufacture of Metallic Magnesium Lastly it is necessary 

^ R. B. Shively, J. Ind. Eng. Ghem.-S (1916), 679. < 

* S'. T. Allen, Electrician^ 68 (1922), 92 ; J. T. Rooney, Met, (3].em. Eng. 22 
(1920), 60; J. Soc, Chem. Ind. 37 (1918), 114b, 141b; 38 (1919), 126r ; 
40 (1921), 106b, 389b. 
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to deal wit"; the manufacture hf ^raagi^sium metal,, w'lnch now 
anJuapoxtajaAllSj!.^ "Bhe rianufacture has for srwie time bfcn 
carridd on in Germany, was developed during the war in 
England^ On the Amenoair bas been established-^ 

hke most electrolytic proc^'-^^c?^ — aces where cheap water-powgr 
is available, for instance at, l^aga and at Shawinigan I^al^^ 
(Canada), where a metahof 99-75 perlicnt. purity is now produced.^ 
In Germany* the magnesium salts required jai^o obtained fPbm 
Stassfurt, whilsITin America, the magnesium chloride . tfeeded is 
cither prepared by the evaporation of the water t)f bitter lakes, or 
from the natural deposits of magnesite, which oct^r in various 
districts, ^otably near Ottawa and in California. * 

The process generally consists in the electrolysis of ^a^ fused 
mixture of magnesium chloride mixed with ])(5tassium chloride or 
sodium chloride to lower thft melting-point. There are two serious 
diliiculties to^be faced. Firstly, in preparing anhydrous magnesium 
chloride by heating the hydrated chloride^ hydrogen chloride is 
often driven off, leaving ^magnesium oxide, till! presence of which 
is fatal ’to the success of tlfb subsequent electrolysis. Secondly, 
magnesium metal lighter than the fused mi«;ture of salts, and 
will lend to float to the surface, and recombine with the chlorine 
evolved at the^anode. 

As an Example of a method of overcoming these difficulties, % 
process recently developed at Wolverhampton, may be refer^^ 1^. 
The proi:(^ss produces not only metallic magnesium but also potas- 
sium chlorate. The source of the magnesium is magnesite. The 
magnesite* is calcined to give magnesia, whicli is ground and sus- 
pended in water. Into the “ milk Sf magnesia « thus formed, 
chlorine gas (provided from the electrolytic cells mentioned below) 
is passed, magnesiu^chloride and magnesium chlorate being formed 
in solution. The liquid j«nccntrated, and allowed to deposit 
half its magnesium chlorid^ Afterwards the clear liqwor is treath^’, 
with potassium clilofide ; |it)tassium chlorate, being •much less 
soluble, »cry^allizes o<lt almost quantitative^. The nit^nesium 
chloride is dehydrated^by heating §t 150° C. in a current of dry air, 
but, as this gives ris% to a certay^ amount of ftxide, the product is 
afterwards treated with hydro^oi^i chloride gtys at 300° C. In that 
way pure anhydrous magnesium chloride is obtaftied. 

The electrolysis takes place in two stages. In tho •first stag^, the ' 
cathode is a bath of molten lead, upon which floats*a*ldyer of thft 
fused electrolyte, consistihg ofvmagnesjum^ chloride and other 
chlorides. Graphite anodes dip iifto the electrol 3 d}e, and ceme to 
within I i|jph*of the lead cathodb ; 5 volts are applied to ea(fh cell, 
and both the molten lead and the electrolyte S.re circulated. At 
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the anddes, chlorine is evowd, \thilst at the cathode magnesium 
is produced, and dissolves in the leftd ; fshe Ipjd-ma^esium alloy, 
♦ owing to its weight, refiiains at the bottom of the cell, and not 
afitacked by the chlorine. Tke (jhlopne is used for the treatment 
o^ fresh milk of magnesia. Irj ih^secbkd^^Uigey the lead-magnesium 
sfio^ is#made the anode, the43lcc1^olyte being the same as before, 
^whilst the cathodes are of stfcl. In this stage, magnesium is dis- 
solved from the a^^de, leaving more or less pure leadf^, whilst pure 
metallic Inagliesium is deposited at the cathodef Since in this 
second stage no gaseous chlorine is evolved, there is no exceptional 
difficulty in o^^taining a good yield of the metal. 

Magnesium , comes on to the market partly in “ st^ck-form,” 
partly ^as a powder. Its uses are numerous.^ Owing to the power- 
ful affinity of magnesium for oxygen, it is added in small quantities 
as a “deoxidizer ’’ to bronze, copper, aluminium and steel in order 
to reduce the last trace of oxide which would otherwisp cause inter- 
granular weakness in the material. 

Owing to the brightness of the light evolved when magnesium 
burns, and its richness in actinic ra}^, magnesium powder is the 
essential constitueiA/ of the flashlight powders used in photography. 
The m etal is also requir ed f or jmlj tary star-shells and other fprms 
o f ligEF'ii^aX , 

good deal of magnesium is consumed for the ignition of thermite 
eflarg^, and a certain amount is utilized for miscellaneous purposes 
in chemical industry as a reducing agent or even as a dehydrating 
agent. o 

Owing to its lightness, magnesium is a constituent of many of the 
light alloys which will bo discussed in the section dealing with 
aluminium. There are also a few light alloys containing mag- 
nesium, but no aluminium^ As an example, the alloy known as 
^ “ electron ” may' be mentioned : it ipntains ^5 per cent, of mag- 
55 ^esiuiii, 4-5 per cent, of zinc and 0*5 pei^cent. of copper, and has a 
specific gra^dty of onljr 1-79. It is remarkably sir ong- -considering 
its lightpess — and h&s good machining properties. ^ n 

^ W. M. Grosvenor, ffrans. Amer. Electrochem, ‘^oc. 29 (1916), 621. 

* S. Beckinsale, J. Inst. Met. 26 (1V)^1), 376; Hanszel, Zeitsch. Metall- 
kunde, 13 (1921), 3J26. *. 
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Fresh calcium* is a silver- white metal, softer than magnesium, 
but possessing a rather higher melting-point (800*^0.). Calciifm is 
quite volatile at its melting-point. The, specific gravity is 1*56, 
lower thai^that of the previous member of the groiq). 

Calcium is^a considerably more reactive metal ^han ma^nisium, 
and its chemical properties are more like those of the alkali-metals. 
When placed in water, the element decomposes it slowly, hydrogen 
being evolved^ The hydroxide produced is too soluble to protect 
the metal entirely against attack, but calciiim reacts with water 
much less violently than ^pdium, for instance, which*stands lower 
in the potential series afid has also a more soluble hydrcfxide. If 
the water be weakly acidified, the evolution of hydrogen becomes 
far more rapid. Curiously enough calciuni is scarcely attacked by 
concentrated nitsic acid ; this remarkable fact — so much at variance 
with the (fther properties of calcium — seems to bo comparable to thg 
passiwity of iron in strong nitric acid. ♦ 

Although the met/11 is unaffected by dry air, it becomes oxidized 
ifi exposed^ tef atmospheric moisture. When Ijpated in air it burns 
with a bright flame. 

Laboratory Preparation. Calcium cannot be* obtained by 
electrolysis of an aqueous solution, but is prepared by the electro- 
lysis of fused anhj^ous palcium chlofide, the melting-point of 
which can be lowered by th(f addition of calcium flu(]fide.^ The 
calcium chloride should be*borfectly free from water and calcium 
oxide ; it is best to mix it with a little ammoi^um chloride and to 
heat it af abtfut 500-600° C. in order to ensure that moisthre has 
been driven off. If th6 least trace*of moisture, remains, hydrogen 
will be produced, instead of calgifim, on electrolysis. 

It is usual tfii* conduct the electrofysis in a gra‘]phit% crucible which 
forms the anode, the cathode being an iron ribbon which is raised 
continuously as the calcium is deposited on it. The calckim adheres 
to the iron, and thus a stiqjr of ^Ud* calcium is produced. It is 


' A. R. Johnson, J, Ind. Eng. Chem. 2 (1910), 466. The papers by*P. H. 
Brace, J. In^ Met. 25 (1921), 163, afid Trana. Amer. Elect^ochem. 37 
(1920), 466, ^ould also be consulted, although they refer to production on a 
slightly larger scale. • 

M.O.- VOL. U. 
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necessary to keep the tempc^aturfe as low as is consistent with the 
flufi^dity of the bath, since otherwise the Calcium is liable to become 
* oxidized. In die variation of the meibod, the catl^ode is a water- 
cooled metal tube. / f • ' 

^ Compounds 

Calcium oxide (quicklime), CaO, is formed when^the metal is 
burnt im oxj^en ' if the combustion proceeds in , air, the product 
contains mtride ^.nd generally carbonate. 

It may be prepared by heating calcium carbonate, but, since it 
is a more strongly basic oxide than magnesia, the dissociation into 
basic and acidic oxides 

• CaCOa = CaO + CO, 

requires a much higher temperature tha’n the analogous dissociation 
of magnesium carbonate. At every temperature thei;e is a definite 
pressure of carbon dioxide which can be produced by the decom- 
position of calcium' carbonate before the reaction ceases. At low 
temperatures, however, a very low pressure of carbon dioxide is 
sufficient for the ilquilibrium, 

CaCOs ^ CaO + CO^. 

At 812® C., the pressure of carbon dioxide needed for eq,uilibrium 
L equal to the pressure of the atmosphere (760 mm. of mercury). 
It is only above this temperature that the decopiposition of cjflcium 
carbonate becomes rapid under ordinary conditions. 

If calcium earbonute is heated at a temperature below 812® C., 
it will commericc to decompose. But as soon as the partial pressure 
of carbon dioxide above it comes to the equilibrium value the change 
ceases. For the pressure will not be sufficient to drive forward the 
gas from the vessel in whi(ih heating^is takinj^ place, and, although 
a little carbpn dioxide may pass out by diffusion and will then be 
'replaced tfjrough the decomposition of fresh 'caloium carbonate, the 
rate of change due to this cause will in genq;ral be very small. But 
now consider what will happen if a substance like carbon is present, 
which reacts with, and destroys, carbon dioxide at tl^e temperature 
in question. DirecBy the carbdyato is heated with carbon, a 
(Certain amount' of carbon dioxide is formed as before ; but, before 
the pressure due to this gas reaches the equilibrium value, it will 
•Teact with the carbon thus 

( C02+C = 2C0, 

carboh monoxide being produced. Thus fresh carbon dioxide will 
be formed by' tho^ decomposition of carbonate to re'pla^e that lost 
through reaction with carbon, and this in its turn will be destroyed. 
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Tlie decomposition of calcium tjai^bon^e will continue indeHnitely 
at quite moder^o tfempeFuturSs without the pressu^’c of carbpn 
dioxide ever reaching the va^ue which would cause /;he decomposi- 
tion to te.se. It follows, tRorefpre,tthat the presence of carhop 
enables us to carry out tli^ decor -.position of calcium carbonate ^t 
temperatures at which under oth(j‘ circumstances the decornposiiiioq 
would not take place, a whole, the reaction of the preparation 
of calcium oxide from the carbonate at temperatures below 812*^'C. 
by the aid of ca»bon must be written 

CaCOa + C = CaO + 2CO. 

Calcium oxide is a white substance, which melts at a very high 
temperatuie (about 1,995'^ C.), although lower than that at which 
magnesia fuses. When heated, it becomes, like pg.gnesia, incandes- 
cent. It is a distinctly basic oxide ; if carbon dioxide is passed 
over it, the gas is absorbed, calcium carbonate being produced. 

Calcium oxide has a very great affinity for water. Although it 
combines with less violence than the oxides^ of potassium and 
sodium, tbe reaction betwtaen^lime and water is accoaipanied by a 
considerable evolution of heat. When exposed to damp air, quick- 
lime takes up moisture, and becomes converted to tlie hydroxide. 
The same change occurs more readily when quicklime is made into 
a paste with water, the mass becoming extremely hot. The pro» 
duct, calcium hydroxide {slaked lime), appears to be a definitg 
cherak;al compound.^ When dried at 110° C., it has the composi- 
tion Ca(OH^ 2 - IS a white substance, which is only slightly 
soluble in water, although more soluble than niagnesium hydroxide. 
The saturated solution at 10°C. containing 0*3 per cent. Ca(OH) 2 ; 
in hot water, calcium hydroxide is even less soluble.* The solution 
(limeiuater) is strongly alkaline, and readily takes up carbon dioxide 
from the air. On i^count of its comjfaratively small solubility, 
calcium hydroxide can be oblaincd by precipitation of a strong 
calcium chloride sr^ution Tfith caustic soda. 

• 

Salts.^ Anjr soluble^, salt of calcium may •be obtained by the 
dissolution ot the hydroxide or carbonate in the acid in question. 
The nitrate ajid chloride are deliquescent and very soluble, as in 
the case of magnesium. The cMjride forms several hydrates ; one 
of these, CaQl^.GHjO, is formed m transparent crystals when a« 
solution of calcium carbonate in hydrochloric acid is jconcontmted 
by evaporation and cooled. When crystals are«Iteated, they# 
lose water, the anhydrous <»hloridp, CaCl 2 , being finally obtained. 
This latter substance is a powerful dehydrating agent, roadily 
absorbing moisture from the air, and is used for drying gasea^and 

^ T. Selaniwanow, Zeitsch. Anorg. Chep, 85 (*1914), 32&. 
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for freeing organic liquids frdm the last traces of moisture. When 
th4 anhydrous chloride dissolves in* watfpr, a ^^rea{ d6al of heat is 
revolved but, on the Ouher hand, whfij the hydrate *(CaCla.6H2C) 
i^ dissolved, an absorption of heat tdkes^ place, ft is ctfstomary 
t^ compare the dissolution of thi hydrate, which is a solid con- 
t^iinsng*a large proportion of*»watqr, jnth the melting of ice. The 
^parallel is not quite accurate, but it is certainly a fact worthy of 
notiUC that most hydrated salts containing large amounts of water 
of crystallizaltion dissolve with the absorption ofdicat. 

Calcium sulphate, CaS04, is a much less soluble salt, and may 
be obtained by precipitating a strong solution of calcium chloride 
with sulphuriaacid. Various hydrates are known, and tlje relations 
betweenvthem are discussed in the technical section. 

Much more insoluble than the sulphate arc the carbonate, phos- 
phate, oxalate and fluoride of calciuin. The carbonate, CaCOg, 
obtained when a soluble salt is precipitated with sodium carbonate, 
is a light white powcjer. The same precipitate is formed when 
carbon dioxi(^ is passed into lime-watei;,,but dissolves again when 
carbon dioxide is present in excess, a deal solution of the soluble 
bicarbonate, CaCO'a.HgCOa, being produced. 

The phosphate, Ca3(P04)2, is obtained as a white precipitate 
\yhen ordinary sodium phosphate (Na2HP04) add^d to an 
atUimoniacal solution of a calcium salt ; if, instead of ammonia, a 
trace bf acetic acid is present, the acid salt, CaHP04, correspofiding 
to the sodium compound, is thrown down. Both these precipitates 
are soluble in dilute^ tmineral acids, and also in phosphoric acid*. 
From the solution in acid, a^oluble phosphate, CaH4(P04)2, can be 
obtained by crystallization. The oxalate, CaC204, is a crystalline 
white precipitate, obtained by adding ammonium oxalate to an 
ammoniacal solution of a cadcium salt ; i,t is sg^ able in hydrochloric 
acid, but not in acetic acid. The flw)ride is similarly formed by 
^vhe interaction of sodium fluoride ancF calcium chloride. 

Calcium Sulphi^hs. When hydrogen sulphide ^as is passed 
into milk of lime, and the solufion produced evaporated, calcium 
hydrosulphide, CaS.H2S.6H2O, is bbtaineA^in colourless prisms. 
When heated it evolves hydrogen^ sulphide, and yields the normal 
pulphide, CaS, whicfi is a yellow-white mass (probably quite white 
when pure). /Ihe sulphide is decomposed by water, giving calcium 
hydroxid(f aftid the hydrosulphide. The normal sulphide can be 
obtained in a^dry way by heatin,^ the oxide with sulphur, or (in a 
less pure condition) Iby Seating the sulphate with carbon. 

Many samples of calcium sulphide have the peculiar property of 
phosphorescence; if exposed to sunshine the sulphSe absorbs 
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Iight>energy,^aiid the power of emitting light afterwards in the 
dark, This property’ is alw£^s connected T’lgth the pre^sente of some 
heavy i»vetal impurity, calcium sulphide obtefined by heating 

the purest lime with the jest sulphur is practically non-phd^- 
phorescent. The conditi? .s under \^hich it becomes phosphgrdfe- 
cent have been the subject of •lengtny researches.^ In order tt) 
obtain a strongly phosphorescent product, there should be preftwt,* 
firstly, a trace of a compound of a heavy siKjh as copper, 

manganese, or bismuth, and secondly a, fluxing nyiteriat, such as a 
borate, phosphate, fluoride, sulphate or chloride. .Without the 
fluxing material, it is difficult to obtain a strongly phosphorescent 
product, probably because calcium sulphide is ncarl/ infusible and 
does not therefore dissolve the heavy metal conjppund wh^ tieated 
with it at a moderate temperature. If, however, lime and sulphur 
are heated with a little sodium sulphate and a trace of copper oxide 
(8 parts per 100,000 parts of lime), sintering takes place, and the 
product, after exposure to the sunlight, ^v<^ a brilliant green 
phosphorescence. The c<!)kny’ of the light emitted by the product 
after exposure to sunlight varies with the hcav,^ metal pfesent ; if 
analysed by means of the spectroscope, it will be found to consist 
of definite bands, which are characteristic of the heavy metal in 
the material. Thus whilst copper produces in calcium sulphide «. 
green or blue phosphorescence, nickel produces a red phosphore»- 
cenc€^ The relative intensity of the different bands, ancf their 
persistence |i.c. the time during which the light continues to be 
^ven out) are affected by the nature of ^Iie fluxing material 
employed, which is consequently noj without influence on the 
colour of the phosphorescent light. Thus calcium* sulphide con- 
taining a trace of copper gives a green light if sodiiHii sulphate is 
the fluxing matcriaiVbut a, blue light if potassium sulphate is used. 
It may be mentioned at this point that the sulphides of other metals 
of this group are, also pHbsphorescent in the presence of heavy 
metals. The colour of the phosphorescent ligi^ varies considerably 
in the cflffeA«!:nt cases. Thus the presence of copper in •calcium 
sulphide produces a bluish-greefl phosphorescence, whilst in 
strontium sulphide it' gives a y%lk)w-green phosphorescence, and in 
barium sulphide an orange-red pltosphoresceifce, Ijprax being used 
as fluxing agent in each case. Magnesium sulphide shows phos- 
phorescence in the presence of certain impurities,.* for. instance^ 
manganese, bismuth, or arsenic ^ ; but the presence oj certain other 

^ P. Lenard and V. Klatt, Ann. Phys.^ZS (18^0), 90 ; 15 (1904), 2^5, 425» 
633. See also G. Urbain, "Introduction A l’(5tude do la Spectrocinmie ’’ 
(Hermann).^ • . \ 

* E. Tiede and F. Richter, Ber. 55 (1922), 69 ; Ze^sch. Elcklrochem. 28 
(1922), 20. ' » 
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appears to prevent phoSph/prescence and 


it Is only 6y olbserving special precaution^ to exclude such impurities 
that a phosphorescent product can b£ ‘obtained. The sulphide of 
zfmc has recently been prepared fp ar state sufficiently pure as to be 
practically free from phosphorescence, but it becomes strongly 
phosphorescent if heated with the ‘merest toce of a copper or 
^ma^j^janese salt in the presence of chlorides, which act^s the fluxing 
agents.^, ^ 


At least "^one yellow polysulphide of calcium exists. The penta- 
sulphide (CaSs) is formed when calcium sulphide and sulphur are 
heated in the presence of water. The same compound is produced 
when milk of Time is boiled with excess of sulphur, cafcium thio- 
sulph^Ct^'^ (CaSaOi) .being formed at the same time. Other poly- 
sulphides, notably CaSg, have been described, but their existence 
is more doubtful. 2 


Calcium nitride.^ When calcium is heated in^a current of 
nitrogen, it often combines with the gas forming the nitride CagNa- 
Any sample 6f calcium takes up nitrogeiP above the raeltihg- point, 
but only certain fo'^ms absorb it readily in the solid condition. For 
instance, coarsely crystalline calcium (obtained by the slow cooling 
of the molten metal) is highly active, and absorbs nitrogen between 
800"" and 600° C., whilst calcium obtained by quencliing from 
840° C. (i.c. from just above the melting-point) is said to be ajmost 
unchanged by the gas at low temperatures. The rate of reaction is 
not greatly increased by breaking up the metal into pov»der, and the 
combination does ntfitseem to be essentially a surface ffetion. It 
appears ratheij^ to depend <ta the penetration of nitrogen through 
the metal, for the pieces of nitride produced in general retain the 
form of the ^eces of calcium metal employed^. Calcium nitride is 
a brown solid, which is decomposed^by* water or steam, ammonia 
being produced. ^ ^ 

Calcium hydride^ is likewise formed when calcium is heated in 
hydrogqn. Here a^ain different varieties calciuuf slv)w great 
difference in activity, and therr is consequently an apparent lack 
of agreement between the resujts of different experimenters * ; 
some varieties take* up the ga5^ <at ordinary temperatures. The 
iiydride forms fransparent erystals of the composition CaHa. If 

heated in air^ the hydride burns, and when introduced into water 

• • • • 


1 R. TomascHek, Xnf. Pbys. 65 (14J21), iSO. 

* S-rT. M. Auld, Tranft. Chem. Sac. 107 (1915), 480. 

* Sioverts, Zeitsch. Elektrochem. ^2 (1916), 15. . 

* ODinpare, for instance, the statement of F. Ephraim ana E.^jlichel, Helv. 
Chim. Acta*, 4 (1921)* 900, with those of A. Sie verts, Zeitsch. Elektrochem. 22 
(1916), 15. 
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it evolves hydrogen, calcium* liydroiido being formed. ']t is a 
powerful recfUcing agent. * 

Calcium peroxide isk fot'med when hycfrogon p«;roxidc is added' 
to limewater, separating from th( sdution in colourless crystals, of 
the composition CaOa.Sifod.* It is a strong oxidizer, and readily 
evolves oxygon, becoming coruortecf to calcium hydroxidb. • • 
Although the compoifnd CaO^.SHaO is colourless, it can bo mad^ 
to yield a yellow product when warmed with* hydrogen por^de, 
and this yellow product appears to contain some more highly 
oxidized body, possibly CaO^.i The latter compound, however, 
has not been isolated in a pure state. •* 

Bleathing Powder.” When chlorine is pa?;sed over per- 
fectly dry slaked lime, no aetion takes placp.* But, if't^ie lime 
contains a slight excess o^ water, absorption of chlorine occurs, a 
compound known as bleaching powder being formed. Bleaching 
powder evolves chlorine gar when treated with strong acids, but the 
solution evolves oxygen in the presence of % syitalile (*atalyst, such 
as cobalt hydroxide. , , 

Now .the interaction of chlorine and sodium Jiydroxidb is known 
to give rise to a mixture of chloride and hypochlorite, thus 


2NaOH + Clj = NaCl + NaClO + H.O. 

It might be expected, therefore, that a similar change would occjir 
whA chlorine is jrassed over calcium hydroxide, • * 


2€a(OH)2 + 2CU = CaCl, + Ca(ClO), + 2H,0. 

According to such a view “ bleaching powdw ” should be a mixture 
of chloride and hypochlorite. Buf, in actual fnct, it is found 
to possess none of the properties of calcium chloride in the solid 
state. It is not lJ_eliquosccnt, and, filthough calcium chloride is 
readily soluble in alcohol,* tl/ latter liquid has practically no .solvent 
action upon bicaphing p»wder. In consequence, it has been sug- 
gested (originally by Odling) that blcachipg iinwdet»i.s really a 
double*-".'",, a chloride-hypochlorite of calciifiii, suitably /j.xpressed 

P, ^OCl 

in which c^e the formation can*be written in tl* simple form 


Ca(OH), + Cl, = C 9 <OCl + h,0.* • 

Odhng’s suggestion as to the nature of ^he essential constituent of 
bleaching powder appears on the whole to be reasonable, a«d most 

W. Traube and W. Schulze, .Qer. 54 (1921), 1656. 
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of the (A;her views advanced <ki thVsnbject seem open to objection.^ 

^ ♦ OCl 

It is probgiblev however,^ that the chloricfe-hypochlorite is 

hydrated ; perhaps the comjy^njd ^ * 

2C;v4^';.h‘0. ^ 

/orms^ the main component. When bleaching powder is dissolved 
in water, ^ thq. solnt'on behaves as though it were a mixture of 
calcium hi^pochlorite and calcium chloride. Unchanged lime, 
however, exists in all samples of bleaching powder ; very likely the 
chlorine does not get access to the centres of the grains of slaked 
lime, the compound formed on the outside protecting tht; material 
within ^rf m further action. For this reason bleaching powder does 
not form a clear solution, and the turbid liquid has a strongly 
alkaline reaction. 

When the solution is weakly acidified hypochlorous'acid (HCIO) 
is liberated, being a weak acid. This substance is a powerful 
oxidizing agen^, and readily furnishes pxygen to oxidizable. bodies, 

. HCIO = HCl + 0. ' 

As a result the acidified solution has a bleaching action upon organic 
colouring matters, for the nascent oxygen attacks, the dyestuffs, 
C(5n verting them to colourless substances. Even withbut the 
addition of acid, solutions of bleaching powder have a slow bleaching 
action, since a certain amount of hypochlorcws acid is always 
present, owing to hydrolysis. 

When concentrated Soid is allowed to act upon bleaching'powder, 
chlorine is evolyed as a gas <* 

HOCl + HCl = H^O + CI 2 . 

Under other conditions, blei-ching powdoi* can/^o made to evolve 
oxygen. A convenient method of p:K.paring oxygen gas in the 
laboratory is ?o drop a little cobalt chloride solution on to bleaching 
powder, dhe free l^oie present in 'the la^tter liberates cobalt 

hydroxide, which catalytically aids the production of *OAygen 

* ♦» 

= CaCi, + 0. « 

Analytical 

( 

The comparatively volatile copipounds of calcium impart a 
red colour to a Bunsen flhme ; eion- volatile salts show the same 
effect if moistened with hydrochloric acid, calcium chloride being 
" G.*Lunfre and R. Schoch. Bcr. 20 (1887). 1474. 
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volatile at the temperatu'e ill i|ue8t\)n. The spectrum ct such a 
flame consHs of a*large|tium1)er of lines, mostly yellow, |ind 
green ; there is also one Dno in the violet,* but it ^ iffiiult to see.* 
Aqueous solutions o? calciu.m i^lts are not precipitated J)y 
hydrogen sulphide, either iirjaoM or ammoniacal solution, nor j)y 
ammonia in presence of ami^oniutn chloride. In this* r^pept 
calcium is distinguished and separated from the heavy metals. 
On the other hand, calcium is precipitated from an ammdnia.cal 
solution as oxalate by means of ammonium oxalate, d^foring in that 
respect from magnesium and the alkali metals. •Two other ijaetals 
of this group, strontium and barium, are thrown do^Ti with calcium 
as oxalate, and the separation of these three very similar elements 
is •somewtiat difficult. Probably the best method of separating 
strontium and barium from calcium depends vH the fact that the 
nitrates of the two last-named metals are practically insoluble 
in a mixture of alcohol and ether, whereas calcium nitrate is dis- 
solved by such a liquid.’- ■ ^ 

Other methods for freeing calcium from VAe two other metals 
are alsd based upon the* deference in solubility of thp nitrates. 
StrontiiJm and barium nitrates are practically jnsolublc in concen- 
trated nitric acid,^ or in boiling amyl alcohol,® while nitrate of 
calcium can be dissolved by either of these liquids. 

Having obtained a solution of calcium free from other metai^, 
it is^possible to precipitate the element as oxalate by the a^ditidn 
of ammonium oxaktc to a solution containing excess of ammonia. 
J’he precij)Mate is washed with dilute ammonia solution, and dried. 
It can be heated gently and so converted fo carbonate, in which 
form it is weighed. Alternatively, it*can be ignited strongly, and 
weighed as oxide. In the first case, it is difficult to prevent a slight 
conversion of carlionate to oxide ; in the second, it Is troublesome 
to bring about a coiiiplete* conversion. For this reason, the washed 
oxalate precipitate is freqqpntly not weighed at all, but is redissolved 
in sulphuric acid, ’and the aipount of oxalic acid liberated is deter- 
mined ^oluyietrically# by titration with pefaianganate. 

If a gravimetric method is reqi^red, it is preferable to estimate 
the calcium as sulphate, whicn is practically insoluble in a solution 
containing n^uch alcohol, altli6>ugh quite p'jrceptibly soluble in 
water. Sulphuric acid is added to the solutior/, if not already 
present, and then three or four volumes of alcohol ; .after staliding 

. 

' Sir W. Crookes, "Select !^Iethodfe in Chernicak AnalytJls " (Longmans), 
1905 Edition, p. 45. ^ » 

® F. P. Treafjwell, " Analyiiical Cbernistry"; translation by W. X Hadl 
(Chapmanrf: Hall), 1913 Edition, Vol. I, p. 441. , 

* P. E. Browning, Arner. J. Sci. 43 (1892), §0, 314. 
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for twe^^e hours, the precipitate *€aft be filtered off, washed with 
alcohol, driedf ignited and weighed as (^Iciunl sulphfite. 

Terrestrial *()cfU5RijENCE 

•uaf.cium occurs in very large qvan'fcities in jvhnost all intrusive 
igneous rocks, being most plentiful in rotks of “ intermediate ” 
composition. ^ ThOi (complex silicate * 

Plagioclase felspar . . wNaAlSigOg + mCaAlgSizOg 

as well as augite, hornblende and innumerable other silicate- 
minerals, contain calcium as an important constituent. 

By the weatliering and dissolution of such rocks, calcitim comes 
to be a'c^onstituenb of practically all running water. The “ hard- 
ness ” of ordinary river- water is mainly due to the dissolved salts 
of calcium. 

By means of the rivers, calcium fimb its way to tlie sea, but is 
largely taken up torfoi^n the hard parts of such marine creatures 
as coral, foranfinifera, crinoids, and vawoi^^ ghell-fish. The essential 
constituent of sea-»hell is calcium carbonate, which occurs iti two 
separate crystalline forms, the hexagonal “ calcite ” and the rhom- 
bic “ aragonite.” 

•By the consolidation of such remains formed in past geological 
ages, beds of ^ 

Limestone .... daCOg 

have been produced. Limestone varies very much iif character,, 
according to its purity’ and past history ; the white chalk of the 
South Downs, h'lr instance, isf very different in appearance from the 
black limestone of Flintshire. Of special interest are the “ oolitic ” 
limestones of Jurassic age, ^ade up of innume^^le rounded grains 
adhering together, like the roe of a ; This structure is supposed 
to be due to the action of currents in the 4 [ea in which the calcareous 
deposits w«ce laid down ; the currents* broke up t*hc shells, or coral, 
into smajl fragments,* each fragment forming V)hc nuclei*? oLa grain. 

The formation of limestone is tstill going oji ; probably the ooze 
now being produced at the bottom^f the Atlantic Ocean (consisting 
largely of minute focaminiferal ^he*ils) will one day, harden to a 
limestone. * 

Mofet limestones have undergone many changes since the day 
^hen the^ were formed. Wc-ter containing carbon dioxide has 
dissolved the Calcium carbonate ^t sonfe points, and deposited it 
at others where the conditions were favourable. Thus all limestones 
have JJecome n^ore or less recrystalRzed. The older liftiesjpnes have 
also undergone many alterations owing to earth-movements, and, 
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where igneous# intijusions passed near a limestone, the rock 
has usually ieen complelldy recrystallized by the heflt. , Where the 
original limestone was e> |)are one, the only action of the heat has 
been a conversion to Wjjst^lKiTie limestone, or “ marble.” But 
where the original limestoijs contained impurities, new minerals 

such as the calcium silicate, • • # • 

* 

, Wollastonito . . . CaSiO.-, ^ * 

are generally f«und in the altered rock. * . * 

Where waters containing magnesium salts have passed through 
a layer of calcium carbonate, either during or aftcf'the time of its 
consolidation into limestone, the calcium is partly replaced by 
nmgnesium, forming 

Doloiuitc . . . . • CaCOa.MgCba, 

or even, in extreme cases, as in Styria, 

• Magnesite . . . MgCOg. 

These changes have ^Ijrcady been referred to. ^ Where waters 
containing iron penetrate a* similar bed, iron replaces the cfilciura, 
forming beds of ironstone, whicli contain the ?ron carbonate 

Sided te .... FeCOa 
as welV as (or instead of) calcium carbonate. Usually, throi>gh 
later changes, the ferrous carbonate is largely oxidized to ferric 
oxiSe or hydroxiile. 

. On ac(^^unt of the removal of calcium from solution to form 
shells alid coral, there is comparatively liftlc accumulation of the 
metal in sea-water. Nevertheless, inhere evaporation of the sea 
has taken place, deposits of calcium sulphate occur in the salt-beds 
produced. ’ 

Gypsum • ... Ca804.2H20 

and , • 

Anhydjite .* . • N CaS 04 

are found in the salt-beds of Stasjfurt. Gypsum is also found in the 
Triassic deposits o^fho English Midlands, t 
There are several other calcfym minerals which are of importance. 
The fiuoriffie ^ , 

Fluorspar .... CaF ^ * 

f • . » • 

occurs as fine cubic crystals in veifls and pockets in limestone. It 
has evidently been deposited Hhrough* th« actioli of waters (or 
perhaps vagours) containing fluorides, which have ascended from 
the int»ior of the earth ; as tlie same waters , of teti carry load and 
zinc in solution, it is frequently associated with the ores of these 
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metals. ^ The crystals arc often cofoured blu§ (Blue^ John), and 
sometimes ^redf The blue colour is believed to be due to bituminous 
inatter, but the ‘red — at’ least in some'caa'js — is caused by traces 
of a rare-earth compound.^ * ' " i 

In addition, various phosphate imterials containing calcium 
ooimi^an 'large quantities ; some of *ihdm, like * 

♦ ^ ^ Apatite . . . Cai’2.3Ca3(POc)a> 

are of mineral' origin^, whilst others, e.g. coprolite, af/e derived from 
.animal remains. Deposits consisting mainly of calcium phosphate 
with a certain amount of carbonate occur in Florida, Algeria, Tunis, 
and in the Pacific Islands ^ ; these are of great economic importance 
in the manufacture of fertilizers, but their importance lies, of course, 
in their ‘■pfcosphoruS-oontent, not in their calcium-content. 


Technology and/?»Uses 

Limestone is the ^■aw material from w.lpch ar(^. derived oiost of 
the important substances containing calciilm. But, quit^ apart 
from this, it has itielf a great technical value. Many kinds of 
limestone have considerable importance as building materials. 
Less compact varieties are useful in metallurgy for •addiuj^ to the 
furnace charge, cither in order to make the slag more fusible (as in 
the smejting of a highly siliceous ore), or where a slag of a distinttly 
basic character is demanded by the requirements*' of the process (as 
in the basic steel process). Limestone is likewise employed in 
glass-making, being the usual form in which calcium is added to the 
glass mixture. * 

Quicklime (CaO) is produced by burning limestone in kilns by 
processes ^ similar to those dc*:>cribed in corynectiofi with the burning 
of magnesite. Both continuom and inKnniilent kilns are used, the 
former being naturally more economical of fuel. As in the burning 
of magnesite* it is possjVle to classify the kilns ^nto long-flame kilns 
provided with an external grate, and short-flame kilns iiW“5ch the 
fuel is introduced along with the limestone into the sh|tft ; in the 
second type the lime is contaminated- with the ashes. Coal, coke, 
wood and produper-g&s arc all t^mployed as fuels 'm different 
plftces.^ 

The dccojtnpd^ition of limestone proceeds less readily than that 
of magnesite. As pointed out in th^ theo^^etical section, the decom- 

** 4 • 

^ C. G.^ Garnett, Trans. Chem. Soc. 117 (1920), 620. 

• W. Packard, J. Soc. Chem. Ind. 40 (S921), 288b. ^ 

* B. Daficastcr, “ Limes and Cements ” (Crosby Lockwood) ; B. 
Block, " Das Kalkbrennen im Schachtofen mit Mischfeuerung ” (Spamer). 
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position of calcium carbonate in thJi presence of carbon* dioxide 
at atmospheric pressure ^nly takes place above 81^° C. In i^ost 
modem kiln's, the temperature obtained ♦exceeds, that 'value ; a» 
temperature o*f 1,200° is oftpp »eaehed in the “ short-flam^ ” 
type of kiln. It should4 \Kri\ey^r, be remembered that owing ^to 
the draught in the^ kiln, the paijjtial f»ressure of carbon dicmdchi^ will 
generally be far below 7f)0 mm., and the decomposition may proceed^ 
therefore, e\ien where the temperature is below 812° C., the crarbon 
dioxide being carried off as quickly as it is formed, ' , * 

The quality of lime depends largely on the liiiitistone from ^vhich * 
it is made. If the limestone is impure, a lime is produced which 
is said to be lean, since it will not eombine with watjjr so easily as a 
pure or jat lime. The best lime is “ amorphous ” in appearance, 
and combines readily and completely with witter, crumbling to 
powder and forming slaked lime or calcium hydroxide. But if the 
lime has been heated too strongly, it may become semi-fused, and 
forms a compact substan^^^ which only jeacts with water very 
slowly ; such lime is said to be dead-burnt. This undesirable con- 
dition ft produced in pure •lime only at very high*teioperatures, 
such aff are never obtained in a lime-kiln ; but in tlie presence of 
impurities, such as silica or alumina, the softening-point is con- 
siderably reduced. Limestone containing clayey material (alu- 
minium* silicate) gives a lime (Hydraulic Lime) which “ slakes*” 
onl;^ with difliculty, but which when mixed with water, sets in a feW 
days to a hard m»ss. It can be regarded as a variety of cement 
.and is qiiil^ useful in mortar and cement mixtures. 

On the other hand, extremely pure lime^ required for chemical 
purposes, and especially for the rnan^kfacture of bU'aching powder. 
A very pure lime derived from the limestone of Buxton (Derby- 
shire) is employ considerably by tlie ehemieal manufacturers of 
Lancashire and Cheshire.* ^ 

The reaction between JJme and water causes the e<volution of a 
great deal of heat* and fires have arisen through the access of water 
to placey^here quicklime is stored. ** 

Although much o^ the quicklime produced is converted into 
slaked Hme by hydr#tion with water, it is used for certain purposes 
in the anhydrous condition, ft still employed in lining furnaces, 
although fof this purpose calcined dolomite or uiagnesito ft mose 
suitable. It is also used as one of the raw materials in the Manu- 
facture of calcium carbide. » » ' ^ * 

Slaked lime is obtained by’the action of wate? on quicklime, 
which ft usually spread over a iToor to the depth of a fobt, and 
sprinklei^wi^ water from a hose. Much heat^is evolved, and the 
mass at first swells up, but finally subsides again. Towards the end 
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of the ^/ocess the material slioulc/. be mixed up, so as to ensure 
uniformity of , composition. ^ ' 

. Slaked hme i^ the cheapest alkaline ^n^droxide known. It is 
usgd, for this reason, in numercvi^ chempal operafions. In the 
Solvay soda-process, for instance* U employed to liberate 
aipm^ia from the ammoniuni chj.orii,io which remains after the 
precipitation of sodium bicarbonate. Slaked lime is moreover used 
in making sodium hydroxide from sodium carbonate. In numerous 
chemical ‘Uiid ‘"metallurgical processes, aqueous sohitions of salts 
are frped from iron, a most common impurity, by the action of lime, 
the iron being ‘precipitated as the insoluble ferric hydroxide. It is 
also used to al^sorb noxious acidic substances from gas-mixtures. 
The dilute sulphur dioxide formed by roasting sulphide ores 
(especially" zinc-bldiide) — which is often too dilute for conversion 
into sulphuric acid, and yet too strong for discharge into the air — 
may be absorbed in “ milk of lime,” calcium bisulphite being the 
product. Coal-gas is also freed from^ertain impurities, chiefly 
carbon dioxide, and to a lesser extent hydrogen sulphide and 
carbon displpKide, by means of lime?, l&any organic acids are 
isolated as the calcium salts ; thus lime is used to absorb the vapours 
of acetic acid in the manufacture of that substance ; again, in the 
preparation of oxalic acid by the oxidation of sugar o^^ cellulose, it is 
pi'ecipitated as insoluble calcium oxalate by the addition bf lime. 
Li'iiie is furthermore used in water-softening, to convert the solvable 
calcium bicarbonate to the insoluble carbonate. - 

In most of these cases the slaked lime, being somewhat insoluble, 
is added as the suspension in water, known as milk of lime. 

Apart from th/^ examples just given, a large quantity of specially 
pure slaked lime is used in the manufacture of bleaching powder. 
Much of the chlorine obtained from the electrc/ytic alkali-works 
is absorbed in dry slaked lime with the {production of that substance. 
A little is als(? absorbed in hot milk of iinjye, in which case calcium 
chlorate is (obtained ; this is actually the first step in one process 
of making potassium 'Chlorate. 

Manufacture and Uses of»- Mejallic Calcium A Metallic 
calcium is now produced industrially,^ in more than one country, by 
the electrolysis of fused- calcium chloride. Calcium fluoride or other 
salts are sometirnes added to reduce the melting-point, but it is 
stated tlfat thg best results are obtained with pure calcium chloride. 
The essential condition for success is that the salt must be perfectly 
anhydrous ; it 'is usually heated with ammonium chloride before 

‘ P. H*. Brace, Imrans. Amer. Electrochem. Soc. 37 (1920), 405'; J.Jnat. Met. 
25 (1921), 153. 
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use ; one authority^recommen|ts4reatment of the fused sarf with a 
little ^metalliv calcium before electrolysis is begun. • J 

Electrolysis , is usually carried out in a*graphitc pot^Fig. 13).^ 
Sometimes the bottom isWater-o(A)l(?d, which allows a crust of solid 
calcium chloride to form^’af ^bot^om and round the walls, tli^is 
minimizing corrosion. The Jaodes, A, are vertical graphi«b piat«s 
immersed in the fused •calcium chloride. The metallic cathode* 
is hollow and water-cooled internally, and is cgjivicctgd to a "^mech- 
anism— electrically driven- which allows the cathode to !)e slowly 
raised during the electrolysis. At the commencement of the run. 



Fig. 13. — Electrolytic Production of Calcium? 


the catli|§|i^ is in confact with the surface of*the fused bq^th. The 
metallic calcium produced on th« cathode by the electric current 
quickly solidifies owing to the*local cooling,* and as the calcium 
is depositet^^ihe cathode is slowlj^ raised at sjich a rate that a con- 
tinuous stick of solid calcium is built up, the boftom of the stick 
being always just in contact with the fused bath. • • 

Owing to its great affinity for oxygen and sulpfiur, 'calcium & 
sometimes added in small* quanfeties to j^arious mdtals and alloys 
before casting, to remove the last traces of these objectionable 
element^ In addition it is sometimes added to le§d as a •Jiard- 
ener.” Owing to the avidity with which calcium reacts with 
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moisture, it is used as a dehydrating* agent in organic chemistry, 
and it has^beea recommended for use in h'lescope tubes, to prevent 
^'the condensation of mofeture on the leirser. 

'Manufacture of Bleaching '‘,'Pmd^ (Chloride of Lime). 
The reaction between chlorine and liine to form bleaching powder 
is^a ''Jery simple one, but several difficulties hav(j to bo faced when 
It; is carried out on an industrial scale. A great de^;! of heat is 
developed duBing tlib reaction, and if concentrated (^Ji^orine gas were 
allowed to act upQn fresh lime in a confined space, the temperature 
would rise so high that chlorates would be formed. The poisonous 



Fig. 14. — Bleaching Pot^der Plant. 

* 

aature of the chlorine introduces further difficulties, and the old 
chambe,r process,” ift which workmen were sbnt into a ahi^ber to 
ffiovel out the bleaching powder ivhich lay upon the floor, must bo 
strongly condemned. • At the sami^time, the joplacement of such 
X crude and unhealthy method, b^ *lie modem mechanical process 
vhich delivers thf; bleaching powder automatically into' drums, has 
lot bebn easy^ because the corrosive nature of the chlorine tends to 
itetroy thd metallic portions oithe moving parts of the absorption 
plant, and thus* renewals qf an expbnsivd character may frequently 
56 necessary. However, the plant shown in Fig. 14, whilst not 
mtire^l free fropa these defects, has’ given considerable satisfaction. 
The plant consists of a qumber of horizontal cylinders, each con- 
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' taining a rotating shaft fitted', with blades, which serve to’stir up 
the powder Jying on the bottom of the cylinden and at the 
■ same lime to work it flcng from one eriti to the otfcr. The* 
’lime enters the top cylind v A. tii', ..ugh the hopper H, and is workad 
along the cylinder until at.tbte' j into the cylinder B below,; 

it is then worked ajong the Urg^n of B until it falls into the^est 
cylinder C, and thus passes through the series, until it finally falls, 
out through Z directly into casks, being by tlpi^ tim completely 
converted to bleaching powder. The chlorine which Tbnings about 
this conversion passes in at the lowest cylinder, *F, and traverses 
the series of cylinders in the opposite direction to. the lime. In 
this way, Jihe concentrated chlorine meets with lim*. almost com- 
pletely converted to bleaching powder, and .serves to conmlete the 
conversion, whilst the weakened chlorine which feachos ffie upper 
cylinders passes over fresh *lime, which is an active absorbent and 
reduces to a rnininiurn the amount of chlorine in the gases emerging 
from the top cylinder (A). > , 

This system by which the two substances whfth have to react are 
sent through the appanatus^n opposite directions k'oftim known 
as the counle.r-curre.nt 'principle and is of veny general application 
in manufacturing cliemistry. 

Strength of Bleaching Powder. If bleaching powder con^ 
sisted of pure whole of the chlorine would be evolved 

when tri'iit^d with acids, and thus the content of ‘‘ available ehlor- 

fne wo 4 ld be 55*9 per cent. If it consistei^ entir(‘ly of the hemi- 
0(11 • 

hydrate 2Ca<^j .H.O, the content vtould he .')2-3 ju.r cent. But 

since bleaching powder always contains free lime, frtojnoisture, and 
traces of calcium TSnrbonate, chloride wid chlorate, the content of 
available chlorine always’faiPis below this number. Thus an ex- 
cepti mally good'sj^mple prepared in Lunge’s laboratory contained 
pet cent., while a commercial bleaching j)owdcr is Tidnsidered 
satisfaoti -y if it contains Sf) per cent, to 37 jwr cent. ; thcamoniit 
ot non-available chlorine present a* chloride and chlorate is usually 
between 1 ptJr cent, and 3 per^utuit. * 

Bleaching,^powder keeps faiity* well in tenhperate chmates, if 
stored in metal cans ; it decomposes very quickfy if exposed td 
moisture and carbon dioxide, the j’ate of decompt^ition lieinc 
neatly increased by sunlight. A “ 3C per cent, hleaching’powder ^ 

^ * 1 ? 28 per cenf . in a^ear under favouraBle conditions ; 

It will lose its strength far more quickly if it is improperly p&cked. 
n warm^ climates, moreover, the decompositicgi is# always much 
^rea or , in Egypt, “11 per cent, bleaching powder ” is still re- 
M.O.— VOL. II. •• . 
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garded^as a good quality. ^ Evendi^this country, bjeaching powder, 
wKen bough1;^ in small quantities, often shows 'a very- poor content 
, of available chlorine ; this is due to inappropriate packmg. Lleach- 
ipg powder is rendered more ytabje by th^ addition of free lime, but 
fpr this very reason it is renders d Ifes^ieffei tive as an oxidizing agent. 
^ iE^leafhing powder is still uJsed in 1^’ caching, aj though less univer- 
^ sally than was at one time the case. One tDbjection to it is that the 
solutaon is not clear, but contains suspended lime op calcium car- 
bonate f sodium hypochlorite is now often employed in its place, 
The .bleaching of ' wood-pulp is commonly carried out in an acidified 
solution of bipaching powder, although the bleaching of cotton is 
conducted in^a distinctly alkaline bath. 

Chloride of lime is largely employed as a disinfectant, and m the 
sterilization of water-supplies, especially in America. The presence 
in water of a quantity of available chlorine less than one part in a 
million acts as a safeguard against the presence of harmful living 
bacteria ; the additiop of chlorine tii Water will not prove in any 
way objectionable ^r harmful so long as the proper quantity is not 
unduly exceeded. It seems probable tiiat the really active con- 
stituent is hypochlorous acid (HOCl), which is present td a small 
extent in ordinary solutions of bleaching powder, owing to hydro- 
lysis, but which is only liberated in large quantities, on acidification. 
In disinfection and sterilization, it is customary to rely ' upon the 
•accidental presence of carbon dioxide to liberate the hypochlorous 
acid. Bleaching powder having a marked alkaline reaction is 
sometinies added, with the intention of sterilizatioii, to waters 
which are already appreciably alkaline ; such a practice appears 
somewhat unf^atisfactory.^ ^ 

Another use of bleaching powder is in the process of rendering 
wool unshrinkable. The wool is first steeped Iki a bath of dilute 
hydrochloric acid, and then in a bath, containing bleaching powder ; 
it is finallyt treated with a sodium bisulphite solution, to destroy 
the residual chlorine. The concentration of the first two baths 
requires careful con'jcol, since, if it is too High, the fij^s become 
damaged. It is stated that myph less damg.ge would be caused if 
boric acid were used in the place^of hydrochioric.^ t 

Bleach-liquor is foijmed by passjfig chlorine gas tljrough or over 
^old milk of lime. It consists of a mixture of calciu^ 'hypochlorite 
and ‘chloride, with some free lime, and has therefore the com- 
<^position of & fcloudy solution i>f bleaching powder. It is, of course, 
less suited fontransj^ort than th€w*solid material. 

^ Rettie, J. L. Smith and J. Ritclve, J. Soc. Chem. lnd^_37 (1918), 31 lx. 

^ See E, K. HideaJ and U. R. Evans, J. Soc. Chem. Ind. 40 (1'621), 64r. 

® S. R. Trotman, J. Soc.^Chem. Ind. 41 (1922), 219t. 
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^'Superphosphate. Anotheji important calcium compound, is 
the soluble i^cid phosphafo known as “ superphosphate of lime.” 
As is well known, plap.ts require phospHates for their growth.’ 
Whenever plants (e.g. g^ass) are consumed as food by animals, 
phosphates are removed iroW the sbil. Since, therefore, the soil ts 
continually being impoverished .in tiiese salts, it is neces^ai^r tjo 
renew the supply from Vithout. Calcium phosphate, which forms# 
the ash of the bones of animals, and occurs in» aleposy:ts of animal 
origin such as ghano and coprolite, would appear to be the most 
obvious material in which to return the phosphorus to the- soil. 
Unfortunately, this form of phosphate is practically insoluble in 
water, ar^ cannot be taken up quickly by plants. The same 
ap][51ies to the phosphate- fluoride mineral, apatite, and nio^t other 
naturally occurring forms ^of phosphate. NoMoubt by the con- 
tinned action of water, atmospheric oxygen and carbon dioxide, 
the minerals would be converted into some soluble phosphate, for 
it was in this way that phos^^hates originaliy came to exist in the 
soil ; hut such a process i^too slow for modern agricultural require- 
ments. A need, therefore, exists for the conversion of calcium 
phosphate into some rather more soluble form of phosphate. 

Now just as calcium carbonate (CaCOa) is insoluble and calcium 
hydrogen carf?onate (CaH2(C03)2) soluble, so, whilst normal 
calcium phosphate [Ca3(P04)2] is insoluble, there exists a calcium 
hydPDgen phosphate, CaH4(P04)2, which is dissolved compawitivoly 
readily. Ihe method of preparing this acid phosphate is very 
simple. ^Ine phosphate mineral, containing normal calcium 
phosphate — or possibly a basic phosphate ^^is treated with fairly 
concentrated sulphuric acid (specihe gravity, 1*6), vthen some such 
reaction as 


Ca3(P04^/2 -f 2H2 kS() 4 — CaHf(P 04)2 -f 2 CaS 04 
will occur. The mixture of f^)luble phosphate and calcyim sulphate 
constitutes comniOTcial '‘superphosphate.” 

The raw material, vdiethei’ it consists of b^ie-ash, coprolites, or 
— as is fiequently the case— phosphate rock from Florida 2>r North 
Africa, must-be ground to fine powder bet weep rollers or in a ball- 
mill. The powder is then mixuA up with acid into a paste, which 
18 dischargedtlnto a ” den,” or 6rftk chamber, designed to prevent 
the undue escape of heat. Here it remains for 24-36 bourse, the 
temperature rismg considerably (jfobably to or evei^ 

lugher), as a result of the^reacUon. Any carbonates or fluorides 
in the raw materials are decomposed, carBon dioxide and hydrogen 

^ Trans. Chem. Sac. Ill (1917), 620, tht? phos- 

but pTbaWr3cC(PoXca(bHT°'‘‘®“’ 
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flupride being evolved in bubbled silicon fluoride also is often 
found in ^ th^ gases evolved. Finally ^the whole luass st;iffens, 
'possibly because calciudi sulphate absorW' water, bping converted 
td the hydrated sulphate (CaSl|4.2H20j|. When this stiffening 
has occurred, the material is^akenlbht and dried. Good super- 
plio^phSte is highly porous, and iw doubt miichr of its value is due 
»to the large surface which it presents to the solvent action of the 
water in^the ^soil. f. * * 

At some' superphosphate works, where a raw 'Vnaterial rich in 
fluorine is used, the gases evolved are employed in the manufacture 
of fluorine compounds. 

Another form in which phosphorus is added to the *'oil is the 
so-called , Basic slag from the steel- works, which may be regarded 
essentially as a mixture of silicate and phosphate of calcium, 
although several other metals (iron, luagnesium, aluminium and 
manganese) are present. If the slag is ground very fii?ely in a ball- 
mill, it can be added toi*:he soil withoift further treatment and formr 
a valuable sopree of phosphorus. It is*jdis«t)lved by water more 
slowly than superphosphate. A very large quantity of basic slag 
is produced in European steel-works, especially those of Germany, 
where most of the iron-ores contain phosphorus ; this phosphorus 
ipust be completely eliminated in the slag if thci steel produced 
from such an ore is to be reliable. It is customary in Germany 
to valve the slag according to the amount of phosphate soluble in 
citric acid. This method of estimating the v^xlue has, however, 
come to be discredited in this country.^ Much of the ^>asic slag 
coming from English sleel-works has very little phosphate soluble 
in citric acid, ftnd yet experiments have shown that this slag, if 
finely ground^ is extremely beneficial to the soil. It is probable, 
therefore, that the citric acid test is of little use,^and that the total 
phosphate content of the slag gives aiy belter idea of the value as a 
manure. The cause of the comparatively low solubility of English 
slags in Citric acid is ^ue to the preswice of fluorine. Fluorspar is 
commonly used at English steel-works, aAd the sla^^^produced 
contains the phosphorus in Kie ^orm ofc crystals of apatite, 
CaF 2 . 3 Ca 3 (P 04 ) 2 , a father stable ^^)mpound t>nly shiwly attacked 
by citric acid . 2 On^count of i^^ stability, apatite is rather slowly 
decomposed when placed upon the soil, and consequently the slag 
is ac^uall^ s^^tly inferior as ^ fertilizer to the fluorine-free variety, 
laut nevertheless gives quite good results if time is allowed.^ 

• • . • 

1 D.*A. Gilchrist and H. Louis, J^Soc. Ghem. Ind. 36 (1917), 261 ; G. S. 
Robertson, Trans. Faraday Sue. 16 (1921), 291. ^ 

* ^ee F. •Baiifbridge, Trans. Faraday Soc. 16 (1921), 1102. 

* E. J. Russell, Trans. F(fraday Soc. 16 (1921), 262. 
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During the viar, practically^he whole of the basic slag jlroduced 
at stjpl-woi^s in this country was ground for agricultural i^e.^ 
The farmer has indeed^, ^grown to depencf on the steef industry* 
and the decline of the st tel output which has followed the termiita- 
tion of the war — togetheuiwfth the e ctending use of fluorspar, whi«h 
is prejudicial to the fertiliziilg quality of the slag — is a schnoiwhat 
serious matter for Brifish agriculture.^ , 

It has been stated that even mineral phosphf^ti, noj treated with 
sulphuric acid, lias a beneficial effect on pasture land, if only it be 
ground sufficiently finely. 

/'^ Calcium Carbide (CaCa). When calcium oxid(5 is heated to a 
very higl# temperature with carbon, calcium carbidfe is formed by 
the reaction 

CaO ^ 3C CaCa + CO.* 

The reaction involves tlu; absorption of a very large quantity of 
heat, and, like so many ottie> endothermic changes, requires a very 
elevated temperature. Calcium carbide is in fact one of the most 
endothermic substanc<?s m*anufactured on a commei^ial scale. 
Up to Ihe time when the introduction of the tflectrie furnace pro- 
vided an easy means of reaching very high temperatures, its exist- 
ence was scarcely known. 

Actually the reaction is a balanced one 

, CaO -f 3C ^ CaC., -f- CO. 

•At ail}' gifen temperature, there is a definite 2 )ressurc of carbon 
monoxiefe corresponding to equilibrium. ^Tho change will take 
place from left to right until the pre;fsure of carbqji monoxide has 
reached this equilibrium value. At low temperatures an extremely 
low pressure of c#d)on monoxide is sulflcient to stop further change. 
Even at 1,475'^ C. the equijibrium pressure is only 0*82 mm. of 
mercury. But at 1,840^C- it reaches one-third of an* atmosphere, 
and at 1 ,920° C. if becomcr ^'qual to one atmosphere. .Alcove this 
temperi^ture, which i i easily reached in th^^ electric furnace, the 
formation of calcium carbide v^W proceed apace. It may be 
remarked, h^wever.^ that a nidier temperatwre than 2,000° C. is 
not desirable^ since the carbf(J(i becomes (Recoin jiosed to carbon 
and metallic* calcium, which distils away.^ • , 

A carbide furnace consists essentially of a steel t|ink lined with 
refractory material containing the Charge of lime tind •anthraciW) 

^ J. Soc. Chem. Ind. 36 (1917), 94*^. • 

* Sir A. D. Hall, Trans, Faraday Soc, 16 (1921), 283 ; Sir T. H. Miflclleton, 

Trans. Faradaf Soc. 16 (1921), 275.' • 

* M. d#K. Thompson, "Applied Electrochemistry" (]yTacmillan),^Chap, 
XIl. See also M. de K. Thomp^n, Met. Cheih. Eng. 8 (1910), 279, 324. 
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co^. ' fnto this dip three stout c^l^f)on electrodes <(often a foot or 
more in diameter) suspended from abpve, which aye connected 
to a source of three-;[hiase alternating tfarrent. J!he extremely 
str.’ong current passing betweefn IJ^^em keJps the temperature very 
high, probably about 2,000*" C./and calc^iium carbide is formed in the 
molton 'condition. Fresh lime aryl ioal are added from time to 
«time, and a portion of the carbide is run out' through a tapping-hole, 
perhaps every 45# minutes, into a tray, where it quickly sets to a 
slab. ’ ' 

ThG problem oi the tapping of carbide has constituted the main 
difficulty in tlie manufacture. Calcium carbide is very viscous 
just above its <m el ting-point, and only becomes really fliyd at very 
high temperatures ; consequently there is a danger of the tappibg- 
hole becoming choked. It is said that the presence of excess of 
lime increases the fluidity of the carbide.' The difficulties connected 
with tapping have now been solved almost completely. 

The action of the cvn*ent is simply to heat the charge to the 
necessary temperatitre, which cannot be Reached in any other way. 
There is k»o electrolysis, and therefore an -alternating current can 
be used. The electrodes, which are red hot far above the top of the 
charge, are gradually eaten away ; the provision of fresh electrodes 
is an important factor in the cost of carbide production. 

The material obtained from the furnace is broken int5 lumps, 
and packed in drums. As usually produced, it is a greyish <sub- 
stance, which becomes incrusted with lime when exposed to damp 
air. Owing to the fact that the large amount of energy qeeded to 
bring about the formation of this endothermic substance is intro- 
duced in the form of electricity, the manufacture of carbide is 
mainly confined to places like Niagara where water-power is avail- 
able for the cheap generation of electrical energy. It seems un- 
likely that the production of carbide wilf become successful indhis 
country,^ although carbide has been manufactured on a very big 
scale neavX^ologne (Qermany), where a hard gas-coke is employed 
as the fo^m of carboif.*^ An interesting feature of the proross there 
conducted is the very large ^T^ctangular) cross-section of the 
electrodes employed': ' 

Calcium carbide is nised in the geiueration of acetylere gas. When 
i^ater is dropped on to the carbide, acetylene is generated, 

, « : CaCa -h Ca(0H)2 -f C^H^. 

Acetylene is 6, valuable illuminaat, bilrning in air with a flame 
which is extremely bright, possibly owing to the presence of incan- 

^ C; Bingham^ J. Soc. Ghem, Ind. 37 (1918), 85r. * 

* A. J» Allmand and E. R/*Williara8, J. Soc, Chem. Ind. 38 (1919), 304b. 
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descent particles of unbum^ carbon. The flame of aCetylene 
burning in oxygen has an unusually high temperature owing to Jbho 
endothermic nature of gas. Consequently the oxy-acetylene* 
blowpipe can be used ir. welding ^^teel, and even for cutting iron- 
plates. A considerable qgiahfity of ^>arbide is now consumed in tUc 
manufacture, of calcium cyanar^ido. 

'^Calcium cyanamide (CaN.CN) is made by passing nitrogei? 
over finely ground calcium carbide heated at >,^00® ^he car- 
bide should not be too pure, because free lime and othef impurities 
lower the melting-point of the carbide and thus cayse supefficial 
fusion of the carbide grains— a state of affairs which aids the re- 
ac^on wiMi nitrogen.^ The complete reaction caii^ be written in 
the simple form, 

CaC., t N, CaCN, -f 0,* 

but it is probable that it really occurs in stages.’- 'I’he reaction 
as a whole is exothermic.^ 

In the process as carried out at Niagara! the carbide, crushed 
and powdered until it jpc^sos through a 100-mcsh sieve, is heated 
in smatt ovens in an atmosphere of nitrogen, -which (in* the latest 
plant) is prepared from liquid air. The fifiely powdered calcium 
carbide is extremely explosive, and has to be handled with great 
care. 'She temperature of the oven requires to be accuratel^r 
regqlated. # 

A great deal of <3yanamide is also made in Germany, anil, until 
.recently, ^e Scandinavian output was very important. 

Cyana'mide is a most valuable nitrogenous fertilizer, and its 
introduction helped to dispel the fea)^^ which had formerly existed 
regarding the fate of agriculture in the day when the deposits of 
Chili nitrate come to be exhausted. The compt^und probably 
decomposes in the soil, yielding ammSnia, which in turn becomes 
oxidized to nitric acid. Tfle nitrogen can be assim:^ated readily 
by the crop only Vhen it reaches the latter condition, ^ince both 
changes occupy time, cyanamide is clearly a Vowly acting fertilizer, 
but the addition of cyanamide to the soil adds more to the jibrmanent 
fertility tha^ does ^ treatment with the mo^e rapidly acting sub- 
stances, such as sodium nitn*^ or ammonium sulphate. 

On a mifdi smaller scale, calciUm cyanamide hjis been used as a 
case-hardener for steel. During the war, the manufacture of 
sodium cyanide from calcium c-jfanaraide was cdmjnenced 

^ G. Bredig, W. Fraenkel and E.*^ilke, 2kitsch. Elektrochem. 13 (1907), 
69, 606. 

* 8ee A. J. Allraand’s " Applied •Electrochemistry ” (Arnold). 

® P. E^lch, Zeitsch. Elektrochem. 26 (1920), 466. 

« W. 8, Landis, Met. Ohem. Eng. 13 (19l6)f 213. 
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America ; the process has been referred to in the section on sodium. 

CyanamidCp can be used in the manufacture of ajnmonja and 
r nitric acid. When heated under pressiJte/rin an autoclave with a 
solution containing calcium hydrgxide aid sodium carbonate, it 
yjelds ammonia gas, which mrfy ie ftUo^d to pass out from the 
autoglaire at a regulated rato.^ Si^c^ nitric acjd can be made by 
^he interaction of ammonia and air in the presence of a catalyst, 
this provides a njeans of preparing nitric acid from* atmospheric 
nitrogen* by an indirect process. ' 

Nitrogen + calcium carbide — y Calcium cyanamide — >- 

Ammonia — ^ Nitric acid. 


It is thought that this indirect method will prove, in coun1?fies wl\ere 
water-ppwer is no// very plentiful, a cheaper method of fixing ” 
nitrogen than the direct process of bringing about the combination 
of aerial oxygen and nitrogen by means of the electric arc ; the direct 
jirocess, which has been developed largely in Norway, 'may survive 
in places where ele^trit power is exceptionally cheap. It is not 
certain, however, that the production of ftmraonia from cyanamido 
will proved as cheap as the production by Ihe direct combination 
of hydrogen and nitrogen in the presence of a catalyst^a method 
which has been developed largely in Germany. 


y 


Plaster, Mortar and Cement 


Plaster. When natural 


Gypsum . . . CaS04.2H20 

is heated at a Ipw temperatut’e, say at 120° C., it loses most of its 
water, leaving the hemihydratc, usually known as 

I^laster of Parjis . , 2CaS04./i20. 

On further heating at a higher temferature (400°-l,000° C.^T it 
loses the who'fe of the water, leaving a material \which is practically 
identical’ fiTcompositijjn with natural “ ^ 

' Anhydrite . . CaSCL- 

Artificial anhydrite, however, differs Irom thc^ natural mineral in 
possessing a “ feathery ” structure»*^and usually contains a little 
frpe oxide.2 anhydrous sulphate is often describ'ed as being 

dead-burnt. 

t When plastWof Paris is mix^l with water, so as to form a plastic 
mass, it can bemioulded into any f^^rm desired, and left to set. It 
very qipckly sets to a firm and rigfd mass of interlocking crystals of 

» • * 

( ^ W. S'. Landis, Met. Chem. Eng. 14 (1916), 87. 

* 'K. Grengg, Zeitftc^i. Anorg. Chem. 90 (1914), 327. 
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gypsum, due t*) recombinatiJ^i with water. The hemilfydrate, 
usually.i^mixe& with 'some fibrous material, such as jiair, tow,* or 
wood- fibre, constitutes js^^eful material foi* plastering the internal 
walls and ceilings of livii^g-rooms.* * • 

On the other hand, th| tiithyuro>;‘s sulphate, when mixed witji 
water, sets far morQ slowly, bul T^hen at last it does set, a vefy j;iard 
mass is obtained. TheVate of setting is considerably increased if, 
it is finely grdund, and it can then be used as a^porin^-plasfer.' 

The preparation of plaster of Paris is usually carried out in muffle- 
ovens, as the temperature requires careful regulation. In Europe 
110-130° C. is usual, but higher temperatures arg* employed in 
America, j^lthough the risk of producing a slow-setting plaster is 
thefeby increased. For flooring-plaster, where a high temperature 
is needed, a vertical kiln can be employed, simifar in pilnciple to 
that used for burning lime.?tone ; care should be taken not to use 
too high a f^imperature, or to allow the heating to be too pro- 
tracted, as the plaster may then be deprive^l entirely of its setting 
power. An English authority ^ recommends ^00-500° C. 

Whetlier plaster of Bans or flooring plaster is beiTig piade, the 
product* is finely ground before being put on thb market. 

^ Theory of Setting of Plaster.^ The setting process is most 
interesting from the theoretical standpoint. In contact with watcr^ 
at ordinary temperatures, gypsum is the stable form of calcium sul- 
phatt?, whilst both the anhydrous salt and the hemihydrate are 
metastable^; in other words, they are more soluble than gypsum. 

* Now plaster of Paris always contains a few unchanged particles 
of g 3 q)sum which have escaped dehydration. When a mixture of 
plaster of Paris and water is made, the water soon be^^omes saturated 
with the hemihj^lrate, and thus becomes supers{|turated with 
res])cct to tlic gypsum. Therefore crystallization upon the gypsum 
pai4icles occurs, and more Injmihydrate dissolves, so as to keep the 
solution saturatecL Consequently, the growth of the gypsum 
crystals continues, and the clh^solution of the jjemihydratTTparticles 
goes on, until the wliole mass consists of* interlocking# gypsum 
crystals. 

It should fic pointed out th|Lt the fact tha^ the crystals which 
have grown,j>ut from different* ii*iclei do, as’a fact, interlock or 
“ dovetail,” probably adds greatly to the strengtR of the plastef, 
although it has been shown, in the ca^e of metals (Vol. I, Chap. I), 
that interlocking at the boundaries^ of the grains is not actually 
needed for the satisfactory cohesion of a granular ^ass. 

^ L. A. Keane, J. Fhys. Cherts 20 (1916), 701. 

^ Eb B. Dancastor, “ Lime and Conienta ” (Croeby Lockwood)? 

^ C. H. Desch, Trans. Faraday Foe. 14 41918-19), 1. 
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yhe Setting of plaster is accompalied by an appi^rent expansion, 
an(i consequently, if a plaster- water mixture is allowed td^barden 
• in a mould, a very shar]^ impression is obt^ned, all indentations 
of the mould being accurately rejjroduce^. Yet actually, on com- 
paring the specific volumes of g^psun^*\(dtfi those of the hemihydrate 
andfvaVer, one would expect a contraction to accompany the process 
♦of hydration. This apparent discrepancy *is explained by the fact 
that thj mfl^ss produced through the “ setting ” is porous. The 
crystals grbwing out from different points do not extend uniformly 
in aH directions, ‘and are possibly dendritic in character. Appar- 
ently the crystals growing out from different nuclei meet at certain 
points, and thrust apart one another, thus causing thc«expansion 
of the, whole mass. When sotting is complete, the neighbouring 
crystallites arc in contact at some points, but not at others ; thus 
cavities exist in the material. 

In the setting of dead-burnt (flooring) plaster,^ this apparent 
expansion is not observed, and consequently the mass is harder and 
less porous. It is to be expected that^after the drastic hej^ting at a 
high temperature there would be few, if* any, gypsum particles 
surviving which could act as nuclei ; hence the slower rate of setting 
is easily understood. 

Various substances can be added to plaster to increase or decrease 
the rate of setting. One would imagine that, in general, substances 
which ^.increase the solubility of calcium sulphate would inefeaso 
the rate of setting, and that those that decrease thf solubility 
would decrease the rate; in spite of some exceptions, this ruB 
generally holds good. Sodium sulphate is sometimes added to 
strongly burnt ♦plaster to increase the rate of setting, whilst sodium 
chloride is al^o employed as an accelerator. 0^ the other hand, 
colloidal substances — and others which would increase the viscosity 
—generally reduce the velocity of cvyslallization and act as^ rc.’^ * 
tarders. GKie is often added to retard the setting of plaster, whilst 
alum ani^'l^orax hav^.a similar effect.* ^ 

Lime ‘Mortar. AAother composition which is plastic when first 
mixed but which sets to a hard mass is th^ lime mortar used by 
builders. This consists essentially! of a mixWre of slaked lime, 
sand and water. ^ TH^ setting of mortar is a fundameilif&lly different 
j^rocess from that of plaster. No hydration is involved since the 
jime is fujly* Ijydrated (slaked) before being mixed with the sand 
and water. According to Desch,® the hardening process is analogous 
^ • / 

^ C. fl!. Desch, Trans. Ceram. Soc. 18 (1918-19), 15. 

2 C.«L. Haddon, J. Soc. Ghem. Ind. Z9 (1920), 166t; 40«(1921), 123t. 

^ C. H. Trafes. Faraday Soc. 14 (1918-19), 4. See also C.*'H. Desch, 

“Chemistry and Testing of Cement” (Arnold), 1911 Edition, page 109. 
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to the setting a plastic clay Ion drying, or to the hardcnftig a 
silica g<d ; prpbably the particles of calcium hydroxide, which §;re 
of very small j(colloidal^ kze, become boflnd together Tby direct • 
molecular forces such as jire inv(|Jved in the union of the particles 
of typical “ sticky ” colloid!#.*^ The ."unction of the sand is simply 
to prevent cracking “ by subdi^^iding the lime into thin iky^rs.” 
Slaked lime shrinks very much when it dries, and if the sand were# 
omitted cracks would appear in the mass, ^ftcr Jthe primary 
setting, further changes may take place in the nuirtar, such 
as the conversion of hydroxide to carbonate, but this conver- 
sion adds much less to the strength of the mortar than is com- 
monly supposed. • 

'^Portland Cement.^ Cement is a more eomfjlieated ^ybstance 
than cither plaster or mortar. It tjonsists essentially of a mixture 
of silicates and aluminates of calcium in a finely powdered form. 
When mixed^with water, it sets to a hard compact mass, owing to 
a hydration process not dissimilar from t^ at ^responsible for the 
setting of plaster. t ^ 

Cemejit is formed by* heating an intimate mixture of tilay (alu- 
minium silicate) and powdered calcium carbonate to incipient 
fusion. The calcium carbonate loses carbon dioxide, and the lime 
producc(J react?; with the two components of the clay to produce 
the aluminate and silicate of calcium, 

fiCaO.SAlaOa 

2Ca0.Si02 

These two substances are produced at^ comparatively low tempera- 
tures, but when the particles begin to fuse upon tlie surface, they 
take up further lh|ic and the compounds 

• apaO.Al^Oa* 
and SCaO.SiO. 

arc produced ; the fii^t of tfiese compounds \s considere^lSy some 
chemists 2 to be a solid solution of CaO in SCaO.SAlgOs. It is most 
important that this further absorption of linje should take place, 
since the compound oCaO.SiO 2 %^ the essential component of cement. 
If the chargo ’contained no impurities, the superficial fusion needed 
for the formation of SCaO.SiOa would not take place below 1,650® (X; 
but, owing to the impurities present ifi ordinary materiS-ls, a burning 
temperature of 1,300-1,350® C..mlf usually suffice to give good 

• 

^ C. H. Desoli, “ Chemistry and Testing of Cement ” (Arnold) ; B. Blount, 
“ CementiC (Longmans, Green), 1920. • ‘ 

* E. D. Campbell, J. Ind. Eng. Chem. 9 (1W7), 943. 
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cemdnt.^ A typical cement of sai^isfactory quality contains the 
thfee compc^nds ‘ ] 

* * SCaO.SiO^ fa 

, 20aO.Si02 y 

, and SCjiOAljOi ^ 

Tt;e raw materials for cement ^naniifacture are essentially 
^ (j) limestone, as the source of calcium oxide, . 

and (2)wsc{nK^ so^^of day (which may be in the fprin of hard shale 
or soft clay-mud X as a source of alumina and silica. Some naturally 
occurring materials contain both the essential ingredients, although 
not necessarily in the desired proportions ; for instance, chalk marl 
is limestone containing some argillaceous matter. *' . 

The ^n<\terials ,nqist first be intimately mixed, and very finely 
ground, the grinding usually being conducted in a ball-mill. It is 


Coat 
in. 

i Clinker out 

15. — Rotary Cement Kiln. 

r • 

then “ burnt ’’ in a kiln or furnace. Many forms have been em- 
ployed, but the revolving ^pmace shown in Fig^ 15 has generally 
proved the most suitable. ^ The long |ur^e A (often more thaii. 
feet long) is- set at a slight incline, and revolves slowly (1 to 2 
revoluUjM»e per minute). The raw materials, which need not be 
previously dried, ar/mtroduced at H, and 'gradually work along 
the tube ; as they approach thf lower end tthe temperature rises 
higher and higher. »The fuel empjoyed is usually powdered coal, 
which is blown in at B by me^ns of a fan. At the calcined 
material which iiow consists of well-burnt “clinker'^’ drops into 
the IcAver tubOiC, in which it is cooled by the draught of air passing 
Ki the opfositb direction. Tho clinker emerging from D is again 
ground in ball-!nills, ancL ready for use,* The cement dust passing 
out with the emergent gases is often led through a dust-catcher, 

< t V 

' A Af A. Klein, Trans. Faraday Soc. 14 (1919), 14. 

* E. D. Boyer, J. Soc. Ghem. Ind. 37 (1918), 19t. 
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and possibly thiough an electlostatic precipitation plant •with a 
view tojthe recovery of the potash. ^ * 

^ Theory of Setting o^benien|s. Essentially, the setting of 
cement is a hydration process sinvlar’to that of plaster. The moift 
important constituent of (l^n^ojit, SC^iO.SiOa, if tested alone, com* 
bines with water, setting in 5 hcmrs to a strong mass of hydr^jited 
silicate, containing also some crystalline calcium hydroxide.^ 
The hydrated silicate appears to be amorphous w>cn v^ewe^ "under 
the microscope ; 'l)ut this may be because the crystal growths are 
of too small a size to be observed . 2 There is no reason to asStime 
that the process is necessarily different from the process of the 
setting of ^piaster. * 

tIic other constituents of the cement also combine with water, 
but add little to the practical value of the cement. The silicate 
2CaO.SiO., sets so slowly as to bo of little service for the lirst few 
weeks, whilst»the aluminate SCaO.AlaOj quickly becomes hydrated, 
but the product has little stiipngth. • 

Some J^iutliorities considfy tjiat gelatinous silica is the real binding 
agent, \^ich cements th6 constituent grains to one anothew^ This is 
formed — according to these authorities— by the hydrolysis of the 
silicates (especially the quickly-setting SCaO.SiOa), and is probably 
of a colloidal clMracter ; the gel subsequently hardens, just as does 
glue or other organic gel, binding the grains together. The theorjr, 
as pTit forward, is ^^erhaps a little vague ; but it seems pr'ibable, 
from a microscopic examination of natural sandstones, that the 
crystalline^ sand-grains composing those rocks are bound together 
!)y an apparently “ amorphous ” form of i^ilica, and it is not un- 
reasonable to suppose that the same substance may*aet as a binder 
in the setting of^ements. I 

There has been a considerable amoutit of controversy regarding 
*TlW!^iaechamsm of setting ; s#)me authorities l)elieve that the grains 
become bound together by a colloidal substance, othdts by a fine 
crystalline ground-mass. Tht controversy do^s not concei*fi^ement 
alone, siiice a colloidal theory of the setting of plaster h<is found 
many advocates.^ If* howe^jer, %c accept von Weimarn’s view 
that even a ^el consists of minute crystals, th^two theories become 
practically i/Jentical — and the (foiitroversy rtsduces to a mere dis- 
agreement regarding the probable size of the crys^alline particles!^ 
Employment of Cement. Cement may bo enip^oyed mixec^ 

1 A. A. Klein, Trans. Faiftday >SV..l€ (1919), 2^. 

^ H. Le Chatolier, Trans. Faraday Soc. 14 (1919), 10. 

^ 0.*A. Rankin, Trans. Faraday Soc. 14 (1919), 23. 

• • J. Traube, Roll. Zeitsch. 25 (1919), (12. . • . 

• E. Hatschek, Trans. Faraday Soc* 14 (1919), 63. 
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with*s«.nd in “ cement mortar ” ; 0 r, with the aaMition of gravel 
al^o, as “ concrete.” In addition to the older uses of coKcrete in 
constructional work, concrete blocks /ynow manufactured as a 
standard building-material, whiJst. the ferro-concreto type of build- 
ing is erected frequently in the centra of ^arge towns. 

T|ie quantity of sand which can ^be employed in a mixture without 
^ undifly reducing the strength of the material obtained upon setting 
varies rather wi^h the fineness of the cement. Recent investi- 
gations' haTve tended to show that the coarser jTarticlcs (“grit”) 
of a, cement tak6 little or no part in the setting ; the value of a 
cement is diie to the fine particles (“ flour ”).i If, therefore, a 
cement consists mainly of flour, it can probably be diluted with a 
comparatively large proportion of sand, and yet produce a sdund 
materi£?i' ^after setting. 

Other Types of Cement. Besides Portland cements, numerous 
other siliceous substances are found to have setting properties. 
Hydraulic lime mad<» by burning argillaceous (clayey) limestone 
has already been mentioned ; it can ,be^ employed in ceiqent mix- 
tures. Various rocks of volcanic origin' (known as pu/.zolanic 
materials) found in the volcanic districts of Italy, Greece and the 
Eiffel, are employed, in the flnely ground state, as natural cements. 
They are rich in alumina and silica ; as a rule, it is irecessary to mix 
lime with these materials before they assume good setting pro- 
perties but no burning is necessary. Ancient Roman Ceinent 
was a volcanic product of that character, but the na;ne Roman 
Cement has — in recent times-— been applied to a product obtainea 
by burning the “ septiiMa nodules ” consisting of clay and chalk, 
which are foui^d in Sheppey and elsewhere ; the name has also 
been applied to materials produced by burning qfher forms of clay 
limestone. Roman Cement sets quicker than Portland Cement, 
and is still used to some extent for work under water. There # 
sharp distinction between hydraulic limes and RomaTi Cement, 
whilst *fWne of the ^natural cements'' produced in America have 
practically the same composition as Portland Cement. ^ 

Blast-furnace Slag, a bye-pVoduot of tHe manufacture of pig- 
iron, consisting largely of calcium sllrcate, has acquire(f a very great 
importance in the cehient indusUy. Almost any blast furnace slag 
fhay be used as the source of calcium and silica in mixing up the 
raw materialsT required for Portland Cement. But some slags 
can actually be grounji without further burning, and added to 
ordinary Portland Cemeixt to give the so-called “ Iron Portland 

' Compare T.. Hatfcori, J, Chem. Ink. Tokyo, 20 (1917), 1018<; abstract 
J. Soc. Cheih. Ind. 37 (1918), 59a. 
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Cement ” which, is often stron^r than Portland Cement undiluted 
with slajg.^ 9 • 

Slags from * other met^ijirgical Industrie cannot ’used loi 
cement-making hs they ccmtain suljihijies ; the presence of sulphide 
greatly diminishes the sti'(jngth ot cement. 

The following table, which* represents a summary of variout 
analyses quoted by Deseh and others, is intended to give a rougl 
idea of the percentages of the five main oxides joccurring fn the 
more important t^pes of cements or cement-like materials ; thej 
must not be regarded as fixing the outside limit.^ between wjiicl: 
the composition of the different materials varies. ^ ' 


1 

;^rtland 

Cement 

(English, 

Amorioan 

and 

German). 

** Natural 

Cement " 
(American) 

“Puzzolana” 
(Italian) 
(without 
addition 
of Lime.) 

“ Roman 
Cement ” 
(Shoppey 
or 

Harwich). 

1 

Hydraulic 
, lime 
(English 
or 

French). 

. -^iast- 
furnace 
Slag. 

CaO 

00-64 

33-54 

! ro-12 

40-48 ^ 

: ^03-74 

1 44-52 

SiOg 

20-24 

22-20 , 

^40-48 

17-25 

: lL-21 

27-35 

AhOg 

* 5-10 

7-15 

'‘iT-lO 

4-7 

1 1-7 

I'-’ »-20 

* 

2-4 

2-5 

3-11 

9-12 

j » 1-3 

MgO 

1-3 

2-20 

2-3 

2-4 

0-7-1 -5 

0-0-2‘5 


T 


1 E. H. Lewis, J. Iron mel Inst. 101 (1920), 111. 
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STRdljrriUM' 

Atomic weight 87-63 

The Metal 

isprontiiim is ttie next metal of the group. The properties of the 
element and ' compounds are very similar to those of calcium and 
the calcium compounds ; the differences which are observed are 
such as woulcl be expected from a consideration of tlie Periodic 
Table. ^ t , 

Strontium is a white metal, heavieii than calcium, the specihc 
gravity being 2 ‘54 ; it is .softer than calcium and can be cut .with a 
knife. It melts at 800'" C. and is ajipreciably volatile just above 
the melting-point. ^ 

The metaV decomposes water with ^iojence, and bin- ns, when 
heated in air, with a bright flame, a mixture of oxide and nitride 
being produced. When exposed to damp air at ordinary tempera- 
tures, it rapidly loses its metallic lustre. ^ 

Laboratory Preparation. The metal can be obtained by the 
blectrplysis of the fused chloride. The device of a gradually rising 
cathode, adopted in the case of calcium, does ilot work well for the 
preparation of strontium, as the metal does not adhere readily 
to the cathode.^ It iL best to conduct the electrolysis in an iron 
pot which serve's as cathode! a carbon rod being employed as anode. 
The use of a ^esvsel bned with fireclay or other silicate is detrimental 
to smooth working, as a i;on-conducting film ot silica appears fin 
the anode. 2 ' # f A*. 

Strontium is, of course, too reactive for separation from an 
aqueowNiolution, but when a solution* of strontium chloride in water 
is electrolysed with^a mercury cathode, a 'strontium amalgam is 
obtained.^ When this amalga^^i is heated mc?m, most of the 
mercury passes off as vapour, an(^ tlic less vok^tile stpjiitium is left 
behind. But in ord^r to drive ^off the whole of the, mercury it is 
necessary to h^at the product still more strongly in a current of 
hydrogen ; ^ under these conditions, strontium hydride is formed, 
^ which itself cfecomposes on further heating, yielding strontium and 
hydrogen. ' ‘ J" * 

1 p' L. Glascock, J. Amer. Chem. Soc. 32 (1910), 1222. . 

2 K. Arndt cad Kc Willner, Ber. 40 (1907), 3025. 

“ A. Guhtz and G. Roede/er, Bull. Soc. Chim. 36 (1906), 494, 503. 
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Compounds 

Strontium oxide, Sr^ is formed when strontium bums in 
oxygen. Likt; qidcklimo, ft is a y-bita infusible mass ; it combine# 
rather moi‘e rciv^iily with than calcium oxide, and the hy-^ 

droxide, 8r(OH)2, jiroducea is somewhat more soluble than HijJced 
lime ; 'the solution is alk 5 ,line. Strontium oxide has more strongly 
basic properties than calcium oxide; it is, in c^^seqi^cnce^^iore 
dilHcult to p^-eparo the oxide by heating the carbonate.^ If it is 
desired to prepiJ^re strontium oxide from strontium* carbonate, it is 
best to heat the latter with a little carbon, the reactiion 
SrCOa + C -- SrO + 2 CO 
occurring at a comparatively low temperature. 

Salts. The strontium salts are closely analogous to those of 
calcium, but in general are loss soluble. The chloride, SrCU, is 
very soluble in water, but not |5o soluble as calcium chloride ; the 
anhydrous salt is scarcely deliquescent. It is fnoreover insoluble 
in alcohol, •■which freely ^lisSo^ves the calcium compoutid^ several 
hydratchf are known. The nitrate, 8r(N03)2, Although soluble 
in water, is almost undissolved by concentrated nitric acid. ■ 

Strontium sulphate, SrS04, is less soluble than calcium sul- 
phate, ju#t as calcium sulphate is less soluble than magnesium * 
sulphate. Strontium sulphate is, in fact, practically insoluble 
in wat( r containing a little alcohol. It is prepared in the usual 
wjiy by addHig a soluble sulphate to a soluble strontium salt, and 
c^mes down as a rather heavy white precipitate. The carbonate 
and phosphate are other insoluble saltsf obtained by4)recipitation. 

The nitride, hydride and peroxide of strontium arc prepared 
in the same way ^ the corresponding calcium compounds, which 
tiie y resemble in general preperties. 

Analytical 

The red coloration imparted to a Bunsen 'iTame by strontium 
compounds can bo used to detect ithe metal. The sample to be 
tested should «be moistened wil^ hydrochloric acid, so that the 
chloride, a comparatively volatile-ccy^npound, may be formed. 

The spectrum afforded by a flame containing sft’ontium gives 
a certain means of distinguishing the metal from otheiis twhich f>ro- 
duce a red colour, and of recognizing* it in the presence of other 
substances which impart a dolour the flg^e. The ’spectrum of 
strontium includes several characteristic lines in the red and orange- 
yeUow, and one* in the blue region. 

Like calcium on the one hand, and barium* on the other, strontium 

M.C.~VOL. II. 
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gives no precipitate with hydrogfeu sulphide, almmonia (in the 
presence^ off ammonium chloride) or ammonium sulphide. The 
' three metals are, howbver, preppitatedfoy ammopium carbonate. 

The separation of strontium UncV barium from calcium has already 
^•been discussed; various methods /ale^known, depending on the 
superior solubility of the nitrate, or sulphate of calcium in various 
' reagents. The separation of strontium from barium has still to be 
consiacre^.< If tl>e strontium and barium are present; as sulphate — 
which is usually the case after the separation '^of calciumi^ — these 
miied sulpliates can be boiled for some time with ammonium 
carbonate.^ This process converts the strontium sulphate into 
strontium caxbonate, which is actually a less insoluble %alt than the 
sulphate. Barium sulphate is, however, too insoluble to suffer this 
transformation. Therefore, when the residue is treated with dilute 
nitric acid, the strontium carbonate will be decomposed, the whole 
of the strontium passing into the form of soluble nitrate, but the 
barium sulphate wUl lemain unchanged and can be filtered off. 

Another method for the separation,, of barium and ^strontium 
depends' on the insolubility of barium chromate. ^ The solution 
containing the metals as nitrates or acetates i*s first made alkaline 
with ammonia, and then weakly acidified with acetic acid. Excess 
, of ammonium chromate is then added, when th? barium will be 
completely precipitated as chromate, whilst the strontium remains 
*'in solution. 

When once a solution of a strontium salt f^ee from pther metals 
has been obtained, the strontium can again be precipitated by 
ammonium carbonat^' the precipitate of strontium carbonate 
is filtered off'^ washed, igriited gently and weighed. Strontium 
can also be precipitated as sulphate, which is j^ctically insoluble 
in a solution containing arlittle alcohol. The strontium salt solu- 
tion is in this case treated with a lit/^le alcohol and a slight^tVA;....* 
of sulphurfe acid ; the precipitate is filtered off,, washed with dilute 
alcoh<ST''dried and , weighed as strontium sulphate. But the pre- 
cipitation of strontiu‘m as sulphate in the presence of alcx^hol is not 
advisable if the solution containf chromates y when those compounds 
exist in the solutidli, the stronthjpi is prefef^bly thrown down as 
carbonate, which may, if desu/'-dj be converted tocsplphate after- 
guards. ® 

*' ' Sir W. Crfeokes, “ Select Methods in Chemical Analysis ” (Longmans), 

1906 Edition, p. 46. ^ 

* R. Fresenius, Zeitsch.'Anal. Oheri. 29 (1890), 413. A method of separat- 
ing barium, strontium, and calcium from one another, depending on the 
difieiences in the solubilities in the ttiree chromates is doscribed^by I. M. 
KoPthoff, Phaj^rn. Wetkblad, 57 (1920), 1080 ; Abstract J. Chem. Soc. 120 
(1921), ii. 63. ^ 
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Tereesteial Occurrence 

Strontium occurs only small ][uantitics in igneous rocks ; it 
appears to be expelled to some e> tcnl in the thermal waters given 
off in the later stages of \][ic consolidation of an intrusive^mass. 
Thus strontium is a' constituent ni many mineral springs. # 

Deposits of the less soluble strontium salts, notably the sulphate 

Ccekstine .... SrS 04 
and the carbonate 

^ Strontianite .... SrCOg • 

• ' 

occur in many parts of the world. The former ^ften fi^wns fine 
rhombic crystals of prismatic habit. KSome of the deposits of 
strontium minerals arc found in veins, and have evidently been 
deposited by thermal waters arising from an igneous mass lower 
down. The more important deposits are, ifov^wer, of secondary 
origin. It% is probable that nvaters percolating from»above have 
dissolved the origin^^l strontium minerals from tl*) veins, *and have 
deposited them at other places where the conditions were favourable. 
Dissolved carbon dioxide probably has favoured the dissolution. 
Where thp percolating waters have entered a bed of limestone, the • 
free carbon dioxide has ceased to exist in the water, and the^r 
strontium mineral ha^ been dropped. Thus we often find strorttium 
minerals associated with limestone — e.g. in Michigan. 

Near Bristol (England) there is an important deposit of ccelestine 
consisting of lenses and veins in the ^ed Snarls of Triassic age. 
Other British deposits of strontium compounds occur in Yorkshire 
and Argyllshire, ^‘'oelestine is found in Sicily in association with 
gypsum and sulphur ; the mode of origin is still somewhat doubtful. 

• 

' Technology and Uses 

Both the sulphate arid carbonate are used^s sources of»soluble 
strontium salts. The ’atter can rtadily be converted to nitrate 
by the action uf nitriO acid. Bi^t»the former must first be reduced 
to sulphide by heating with coke^ J^rom a solation of the sulphide 
the strontium can be precipitated os carbonate by tiarbon dioxide 
gas. The nitrate, and also the refined carbonate, are the (?hief 
forms in which strontium comes on th% market. The oxide can be 
made by igniting the carbonate iif,gas-firedrlurnaccs,*a high tem- 
perature being needed. 

The practical* importance of strontium is dun to Jthe fine red 
colour which it confers upon a flame ; it is employed in fireworks, 
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as^ well as in the light- signals usecJ in warfare, ahd in connection 
with avi^-ticn. . * 

A little metallic strontium — obtained! p)y the electrolysis of the 
fused chloride — is said to be*us^d in America as a deoxidizer for 
'^topper castings. , '' /) 

Stfontium hydroxide has also^.proved useful in the extraction 
‘ of su^ar from S3a'ups and molasses which- — owing to the presence 
of imp>iritie'v— dOcnot readily crystallize. This process was largely 
developed in Germany. The molasses are boiled with strontium 
hydroxide solution, and on cooling the rather insoluble strontium 
saccharate (o» sucrate) crystallizes out. This can be removed by 
filter-pressing*; and decomposed by means of carbon dwexide, liber- 
ating si^gar in a comparatively pure form, which crystallizes without 
difficulty. ’ 

At the present time, however, lime is to a large extent used 
instead of strontia for this purpose ; in America^ until lately, 
strontia had neve^ been used for ^iigar refining, but> in recent 
years— experiments in the refining of ^<ugar with strontium have 
been cari.ied out.^ 

1 C. W. Stose, U.S, Geol. Siirv., Min. Res. (1919), II, 95. 
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14 AKIUM 

Atomic weight 137-37 

The Metal 

Barium bears the same relation to strontium al the latter Ijcars 
to calcium. The element is a silver- white metal, "melting and 
boiling atrf, slightly higher temperature than str(intium. It is 
considerably heavier than the preceding members of the group, the 
specifie gravity being 3-8. The salts, it may be m«ntioned», are even 
heavier, the sulphate having a specific gravity, varying in different 
forms from 4-3 to 4-5 ; hence the derivation of the name {papvg = 
heavy). . ^ 

Rai is more reactive^thaii strontium or calcium, and decom- 
poses Hater even more* vigorously ; the comparative r^^pidity of 
the reaction is due not only to the lower position of the metal 
in the Potential iSeries, hut also to the greater solubility of the 
hydroxide. Metallic barium exposed to the damp atmosphere is 
quickly 8,ttacked. It burns readily in air. * 

LSboratory Preparation. The metal can be prepared by the 
electrolysis. of the tused chloride (with, or without, the addition 
of fluoride), but it is preferable to obtain it through barium amal- 
gam, in the way described for the preparat^#»n of strontium. When 
an aqueous solution of barium chloride is electfolysed with a 
mercury cathodc^an amalgam is obtained, which, whon distilled 
in a current of hydrogen ^at 950° C. yields barium. 


Compounds 

Barium oxide (Baryta), BaO, formed vTlfen barium iiurns in 
oxygen, is a white sub.Tance, whici can only be fused in an electric 
furnace, anc? beconTes incand^ficent when heated. It combines 
with water \^^ih great evolution t)f Jieat—greaii;r than was observed 
in the case of calcium or strontium oxide. The hydroxide? 
Ba( 0 H) 2 , so produced is more soluble than the hydfo«ides o? the 
previous members of the group, but the saturated* solution only* 
contains 3-9 per cent. Ba(OH )2 Of, 20° C. /The solution, known as 
baryta-water, is strongly alkaline, and readily absorbs carbon 
dioxide. • 

Since barium oxide is more strongly basic than the ’oxides of 
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cajciiini or strontium, it is to be expected that the decomposition 
ofpthe ca^bojsiate into barium oxide and carbon dioxide ^ 

ftaCO, ~'BaO 

KVoXvill only occur at a very high tempeia^drc. As a matter of fact 
this Reaction requires a white hea^, but the oxide can be prepared 
» at a lower temperature by heating the carbonate with carbon, 

‘ BaCOa + C - BaO + 2CO. 

Salts. The salts of barium are heavy colourless substances. 
The chloride is prepared in a hydrated form, BaCl2.2H20, by 
crystallization . The anhydrous salt is obtained by Jy^ating the 
hydrate ; it is not deliquescent, and is rather less soluble than 
strontiunl chlorid’e. 'Phe chloride is slowly hydrolysed by a current 
of steam, hydrogen chloride being earridd off ; the residue contains 
free hydroxide and can be shown to be alkaline. 'IJhe nitrate is 
less soluble than stroqfium nitrate. , 'Jlie chloride and nitrate arc 
almost insoluble in concentrated hydrochloric^ and nitric acids 
respectively.' They can be precipitated, therefore, from strong 
solutions by addition of these reagents. 

Barium sulphate, BaS 04 . The insolubility of the sulphate 
js more pronounced in the case of barium than in the lower metals 
of the group. Barium sulphate is produced as a very lino but heavy 
powder when a soluble barium salt is added to a soluble sulphate. 
In this respect, barium resembles lead, which’ also forms a heavy 
insoluble sulphate. The exceptionally fine nature of .the pre- 
cipitate appears to bcSHie to the great degree of supersaturation 
produced when the solutions of the barium salt and the sulphate 
are mixed ; this high degree of supcrsaturatioyK causes nuclei of 
barium sulphate to be formed at a very largo number of points 
in the solution. As stated in Chapter VI (Vol. I), the 
crystals produced cling together to form apparently amorphous 
aggrcgflteis. The wo^^k of von Weimarn has shown that at greater 
dilutions, where the degree of supersaturation is less, star- shaped 
crystal skeletons, and even weil-formed geometrical crystals are 
produced, and the^e can be obr^rved wheii the precipitate is 
examined under the microscope ' 

• If the right conditions are obtained, it is even possible to produce 
crystals of karium sulphate pf size visible to the naked eye.^ A 
'small evaporating dish contaihing a little barium chloride is placed 
in a much larger dish, ahd a little* bodiuni sulphate solution is placed 

^ P^. von Weimam, Koll. Zeitsch. 3 (1908), 282. ' 

® 0. Lehmann, “ Molekular Physik ” (Engelmann), 1888 edition, Vol. I, 
page 614. ‘ 
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in the annular 8pnce between th% dishes, water being very caeybiously 
added tobotlf dishes until the small dish is completely submerged ; 
the latge dish is then lext "or some month!* in a place o! uniform 
temperature. The salts ^aduallv diffuse upwards, and meet onp, 
another in a very dilute s(]4uti(in, so that the degree of supersatura- 
tion is very small, » As a Vesult^ few crystal nuclei appeal^ spon- 
taneously, and the slowlj? grown crystals are of large size, resemflling 
natural bariuih sulphate {Jbarytes or heavy spar), 'jjhis is interesting, 
as it suggests that the mineral barytes also has been formed by very 
slow crystallization from very low dilution. • , 

If an ordinary fine precipitate of barium sulphate Is allowed to 
stand in t^e presence of boiling water containing hydrochloric 
acicT, the fine barium sulphate becomes changed to a coaiser variety 
of precipitate. The explanation commonly givun^s that ilft> bigger 
crystals grow while the smdll ones, which are more soluble, are dis- 
solved and disappear. But, as already stated in Cha])tor VI ( Vol, I), 
it is more prol)able that the growth dc^nnids mainly on the 
adhesion of the small pty tides to form see?>ndary aggrc'gates ; 
the process can be rcgacdetl as analogous to the fiocieulation of a 
colloidal solution.^ * * 

It is noteworthy that the precipitate of barium sulphate obtained 
by the intcract’on of barium chloride and sulphuric acid is rather 
less fineVhcn sulphuric acid is present in excess at the moment of* 
preApitation than when barium chloride is in excess. An ex*» 
planation yf this fa5t, based on the peptizing power of the various 
Udsorbed^ ions, has been suggested. ^ 

It has been explained above that, by ujbig exceptionally dilute 
solutions, barium sulphate can be obtained in a visibly crystalline 
form. If we pa!^ to the other extreme, and use extremely concen- 
trated solutions, another unfamiliar foryi of precipitate is obtained. 

AVeimarn, using thd two exceptionally soluble salts, barium 
thiocyanate and manganese sulphate, was able to prepc^e solutions 
of 5-7 N concentration. He found on mixing such solutioT^s that 
barium aulphate is thtown down as a gelatiiwjlis precipitate. Hero 
the degree of superseturation wa^, naturally, exceptionally high, 
and the particles produced were^of colloidal si*5e. 

A colloidal solution of bariuV sulphate, o^ a fairly stable char- 
acter, is obtained by the interaction of a sulphate ctid a barium sa^; 
in the presence of casein, which appears to act a^^a protective 
colloid.® A slightly alkaline solution. of sodium sulplmte containing 

* % / * 

^ Compare the views of S. Od4n, Svensk. Kern, Tidskr. 32 (1920), 108 ; 
Abstract, J. Ch^. Soc. 120 (1921), 26. 

2 By H. B. Weiser, J. Phys. Chem. 21 (1917), 314. . 

* E. Feilmann, Trans. Faraday Soc. 4 (1908i), 175. 
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caseiil is mixed with a concentrated solution of barium chloride, a 
thick, crean^y liquid being obtained. Tjhe addition^ of acfjtic acid 
< causes a curdy precipitate, which can thf' i^Jbe washed free from other 
s^lts. The product yields a-col^iidal solution when stirred with 
^v^water containing a trace of caustie^ aljiali. The liquid obtained 
passed unchanged through filter-pq,per, and is perfectly transparent 
owhcii viewed by transmitted light, although milky when viewed 
by refl^ected^ ligh't. On evaporation it gives a horny translucent 
solid, which again yields the eolloidal solution ^hen treated with 
water containing alkali. 

Barium carbonate is obtained as a heavy precipitate when a 
barium salt solution is treated with soluble carbonate ; fi is to some 
extent soluble in \vater containing carbon dioxide. The phosphate 
is also insoluble, but, like most phosphafies, is dissolved by mineral 
acids. 

Barium Sulphides^. When hydrogen sulphide is passed over 
heated bariupi oxide, the sulphide, BfvS, is formed. The same 
substance/'' is produced by heating barium sulphate with rarbon. 
When the materials are not too pure, it is found that the product 
has usually the property of phosphorescence, noticed in the case of 
palcium sulphide. , 

When barium sulphide is treated with water, it is decomposed, 
lorming the hydrosulphide, Ba(HS)2, and hydroxide, Ba(OH)2, 
both of which are soluble. This decomposition of bariu^n sulphide 
by water proceeds more quickly than the corresponebng interaction 
of calcium sulphide with‘w'a{er. The hydrosulphide is also formed 
when a solutiofi of barium hydroxide is saturated with hydrogen 
sulphide ; it /?.rystallizes in colourless needles K’^ving the com- 
position Ba(HS).,. 4 H. 20 . 'Various polysulphides have been 
described. ^ • 

Low^r* Salts. When fused barium chloride is electrolysed, 
it is noticed that tht* barium formed at the ^cathode is somewhat 
soluble in the bath. The salt roq^id the cathwle is found on cooling 
to have the power of dccomjwsing ^ater with ev'olutiontof hydrogen. 
This has been attril>nted to the^presence of a sub-chlqride (BaCl). 
put a similar phenomenon has been met with in the electrolysis of 
calcium, sod^un and potassiupi chlorides, and is thought by most 
chemists to bd due to particle(> of the metal dispersed as a “ fog ” 
throughout thd mass of sg<)t. It ig^natuiVil to suggest that a similar 
explanation may hold good in the case of barium. A lower oxide, 
Ba20,' corresponding to the sub-cWoride, has also been described. 
It is said t^ be formed wken barium oxide is strongly heated with 
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metallic magnesium ; the magnesium abstracts part of the cftc5^gen, 
and leaves a (|^rk mass which decomposes water with ^le jpvolutipn^ 
of hydrogen. But here ’.n, one cannot lefrain from suggesting 
that the dark mass may consist of an intimate mixture of met»l 

and oxide. \ • * 

• * . 
Barium hydridb is formed jvhcii barium or its amalga^ is 

heated at 1 , 400 “ C. in a current of dry liydrogen. It decomposes 
water, hydrogen being evolved. 

Barium nitride, BaaNg, is obtained when nitrogen is passed 
over teatod barium or barium hydride. It is a yellowish substance 
decomposed by water with the production of ammonia and barium 
hydroxide. * * 

By the action of ammonia gas on barium at low tenyj^ratures 
(c.g. — 20“C.) a reddish •solid with the composition Ba(NH 3)6 
is obtained ; but at ordinary temperatures it readily loses ammonia 
and hydrogen yielding the whitish amide, Ba(NH 2 ) 2 -^ The amide 
yields barium nitride on heating.*^ * ^ 

Bariunl peroxide. .WVen barium oxide (BaO) hs floated in 
a streafli of oxygen •to dull redness, the peroxide' BaOg, is formed. 
If the peroxide is heated more strongly, it decomposes again, but 
this decomposition is prevented if the heating is conducted under 
pressure.* At any temperature there is a definite pressure of oxygen^ 
at wViich barium oxide and peroxide will be in ecpiilibrium. 

2BaO + Oo ^ 2Ba()2. 

If the oxygen pressure be less than this arj^junt, the peroxide will 
decompose, yielding the oxide. If it greater, th# oxide will bo 
conveited to the^peroxide. The decomposition pressure becomes 
equal to the pressure of the atmosphere ?^t 795“ C., and consequently 
'•’bnve^ that temperature harium peroxide contained in an open 
vessel decomposes extremely rapidly.'^ ♦ 

A hydrated form of the peroxide is obtayicd when hydrogen 
peroxide is added to b<lryta-water ; a crystalKde precipitate having 
the composition BaO^a-SHoO is ^iroduced. A compound with 
hydrogen jier^xidc, BaGa-H^Oi.^is also know^i ; this compound, 
which is at f^rst colourless, brycomes yello^.whcn preserved at 
ordinary temperatures.^ The colour change has been attributed, 
to the formation of a higher oxide, Ba 04 , fii© nw^ter appears 
still to be a little doub+ful. 

1 W. Biltz and G. F. Hiittig, Zeitsch. Anofg. Chem. 114 (1920), 241. 
a Mentrel, Cemptes Rend. 135 (19.02), 740. * 

» J. A. Hedvall, Zeitsch. Anorg. Chein. 104 (1918), 163. 

* W. Traube and W. Schulze, Ber. 54 (1921^, 1626. 
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JLV44.JJI 


-x.x^v^^nds ’ impart ^ yellifv^sh-green icoloration to a 
Bunsen flame, and this can iJc ikSed^in Jho detection of the metal. 

^The spbstancc to be tested should bc*r)?bistoned with hydrochloric 
aci(\ If the barium flame is observed through a spectroscope a 
large number of lines are observed, distributed over^the spectrum. 
Of thJ^Se, .three f)f the green lines are the most distinct. 

In aqueous solutions, barium salts behave very similarly to those 
of calcium and strontium. The methods of separating barium from 
strontium and calcium have already been described. The most 
usual method depends on the relatively small solubili% of bajium 


chromate. Bariym can be weighed as the chromate (BaCr 04 ), 
which is not decomposed by gentle heating. After drying at 1 10° C., 
it still contains 0-5 per cent, of moisture, for which allowance should 
properly be made. * 

If a solution contidiling barium sa'lts alone can bo obtained, it is 
preferable to, pre^cipitate the barium <v5rHulphate. As u^ially pro- 
duced thf precipitate of barium sulphate 'is so fine that it, passes 
through ordinary filter-paper. Special filter-paper can be obtained 
which retains the fine sulphate, but the washing of the precipitate 
•on such a filter is somewhat slow. It is, moreo\fer, possible, by 
taking the proper precautions, to obtain the sulphate in a coarser 
form which does not pass through the pores of ordinary filter-paper. 
If the boiling barium salt solution containing ammoniiem chloride 
and a trace of free hydrochloric acid, be treated with boiling dilute 
sulphuric acid, and if ft'.e r^ixture is boiled for a few minutes and 
allowed to staifd in a warm place for some time, the precipitate will 
be found to have settled to the bottom in a dense I6rm, the filtration 
of which presents no difficulty. The sylphate must be carefully 
washed, since it is very apt to adsorb soluble salts ; it is then^rrc (17 
gently ignited and weighed. 


TeRRESTRIM. OqCURRElfCE 

Barium is found in small quanfolies in igneous rocL, mainly as 
^ minor constituent of felspar afld micas. The average content of 
igneous rocks js said to be about-O-l per cent. Evidently, like most 
•comparatively rare elements^, it has tended to accumulate in the 
last-solidifying portions of the igjleous ^ass, and has been largely 
expeljed in solution in ^n© waters which are given off by the mass 
duriilg the final stages of consolidation. Thus we* find 

Barytes (h^avy spar) . . BaSO^ 
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commonly de|30sited in •mineral veins along with other * vein- 
minerals ; it ts, for instr^ce, often associated with lend fand zinc 
ores. The barytes often (pocurs in large well-developed rhombic 
crystals, the size of which v^ul(^ sekm {o indicate that the compound 
must have been dejjositcdfvory slowly from dilute solutions, in 
which the solubility was not greatly exceeded. Part of the ba|ium 
held in solution by thermal waters is sometimes retained until the * 
waters reach the earth’s surface, and accordingly thcf waters of 
many mineral springs have a considerable content of barium 
salts. * 

As in the analogous case of strontium, the mOre important 
deposits of fiarium minerals are of secondary origim Barytes is 
quite perceptibly soluble in water containing carj^on dioxi^lo, and 
this has probably l)een an importafit factor in the leaching of the 
primary barytes from mineral veins by infiltrating waters. If, 
howevei’, the waters meet with large quantities of soluble sulphates, 
barytes will again be deposited; thus it is^i(> surprising to find 
barytes crystals in pyritic .flmles, the sulphates being^provided by 
the wci^thering of pyrites.^ Likewise, the exist<«ncc of I9iirytes in 
limestone — w'hich would tend to remove carbon dioxide from the 
w'aters — is easily understood. In some places, where the limestone 
itself haf^ afterwards been eaten away by the action of water,, 
considerable concentration of barytes has occurred. 

Quite important deposits occur in the north of England, especially 
in Cumberl?ind and Westmorland, but purer and whiter barytes 
occurs ill Germany. Much barytes is mined in the United States, 
notably in Georgia, Missouri and Tenne^sec!^ The Missouri deposits 
are probably of a primary character, having been rlej^osited directly 
from waters rising from an igneous mass.^ 

Another barium-contaiqing mineral i^ the carbonate 

Witherite BaCOa, 

which is also found in this oountry. 


^iV^HNOl OGY^ND IJsES 

# • 

The salts of* barium can lie ma^e froin witiierite by the direct 
action of acid. If barytes is used as the source of bTirium, it is firsN 
reduced by heating with coal to thq sulphide (Ba^S)T which can 
afterwards be dissolved in any acid required. * * 

Various pigments contain* barium. The, precipitated sulphate is, 
by itself, not satisfactory for ordinary use in painting ; but by 

» C. W. Dickson, Sch. Min. Quart. 23 (1902), 361). 

W. A. Tarr, Econ. Oeol. 14 (1919% 46. 
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pfecipUating barium sulphide with ziiv? sulphate, solution, tho 
vgiluable^ pigment lithopone^ is obtainj^, ^ 

BaS + ZnS04 = BaStf+ ZnS. ‘ 

• It happens that both the products pf 'u^fs double decomposition are 
insc^luble and the precipitate is^ therefore, a'’ mixture of barium 

• sulphate and zinc sulphide. It must be heated to redness in a 
muffl^f menace, (^venched with water and ground, before it is fit for 
use. The quenching serves to break up the particles, and thus 
increases the whiteness and tho covering power. lithopono is a 
comparatively cheap pigment, and is much used for fiat wall paints 
and the cheaper grade of enamel paints. The chief disird vantage is 
a tendency to darken when exposed to light, which has been proved 
to be du^ to the formation of metallic zinc from the zinc sulphide. ^ 
In the dark, the paint recovers its whiteriess, the zinc being converted 
to oxide by the action of the air. Various samplc}?r of lithopone, 
differing in compos^ thin and in the* method of manufacture, vary 
considerably in their tendency to blackgy. ; it is stated thajt lithopone 
which is f,uite fre^. from zinc chloride is peTfectly stable to Ijght.^ 

Precipitated barium sulphate is considerably used for the facing 
of white paper. The whitest and purest product is used for this 
^purpose. In the manufacture of photographic*- i>rinting-paper, 
baryta-coated paper is nearly always employed, and some embarrass- 
^ment^as caused in this country at the commencement of the war, 
owing to the fact that this type of paper had previously been 
imported from Germany. Probably Gorman makers will always 
have a natural advai^tage in making baryta-coated paper on 
account of th6^ comparative purity of the raw material found in 
their country,. 

Barium sulphate is also u^ed in paints, as an inert “ filler,” mixed 
with tho white lead or zinc oxide wfcich constitutes the pigraenr^ 
material pfoper. It is also used in coloured paints to dilute the 
coloiiFing matter. For admixture With white pigments, only the 
precipitated sulphate' should be used ; natural barytes,' however, 
finely ground, is practically u.sekss. , There is, of course, a tempta- 
tion to add the chdap natural fcvip of the cbmpound. Ordinary 
chemical analysis will nqt deteevt the adulteration, microscopic 
^examination of'the paint will reveal it.^ 

Oif the other hand, for certain purposes, such as the manufacture 

** 0 ! coloured paints and the coiiipoi^nding of rubber, natural barytes, 

* . *■ 

^ See M. Toch, “Chemistry and Technology of Paint” (van Nostrand). 

* W. J. O’Brien, J. Phys. Chem. 19 ildU), 113. 

® 'dteinaii, Chem. Zeit. 45 (1921), 741. 

* S. Stewart, J. Soc. Chem. Ind. 39 (1920), 188t. 
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if ground fairl;^ fAe, is not unsuitable. In fact, for use in adnysture 
with coloured pigmeifts, fee comparatively coarse natural barytes 
is to be preferred, as it ciJntJbe addpd in larger quantHiel without 
unduly destroying the tinttiue to^he coloured substance. Thus aq 
economy of the coloured fig^nent is effected.^ 

Barium salts are used in^lireWorks, and in light- signals, where a 
green light is required ; barium carbonate is used in glass-maMng, 
where a glass lof high refractive index is demanded. 

Barium oxide i^BaO) can be made from the carbotiare oy nearing 
in a gas- fired furnace, a high temperature being needed. When this 
oxide is heated at 500-600° C. in a current of air.il yields the 
peroxide (BaOa). Barium peroxide is important as^the source of 
hydrogen peroxide ; when it is treated with dilute sulphuric acid, 
barium sulphate is precipitated, whilst peroxide * 0 ? hydro^h is left 
in solution. 

’ T. R. BriggH, J. Chem. 22 216. 
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RADIUM 

Atomic weight . 226-0 

The last member of Group IIa is of interest on account of its 
radioaotiyit^ rather ^han its chemical properties, the subject of 
radioactivity vas discussed in Chapter XV (Vol. 1) and it is 
proposed hero merely to deal with the chemistry of radium. It 
must, however, be remembered that the chemical study of radium 
salts is slightly complicated by the continual productiois of a radio- 
active gas, which itself gives rise to other elements (radium A, B, C 
and D) quite different in chemical properties from radium. When 
allowance has been made for this fact, the chemistry of radium 
appears to be very simple, and of no particular interest. Actually 
radium appears to |;rs«imble barium,' and is related to the latter in 
much the same way as barium itself,!^ related to strontium. 

The Metal 

Metallic radium is seldom prepared, but appears to be very 
•similar to barium, although rather more reactive ; it de6omposes 
;vater with violence. It is best prepared by the amalgam method 
described in the preparation of strontium. 

^ Compounds 

The salts of vadium are very similar to those of barium, but are 
on the wholeness soluble. The most soluble are* the chloride and 
bromide. Radium sulphate is particularly insoluble ; its solubility 
is actually only about looth of the solubility of barium sulpiiate.’" 
Radium fortns a peroxide (RaOg) besides the ordinary basic oxide, 
RaO. ^Wiien introthiced into a gai^-flame,^ radium compounds 
impart tiO it a carmibe tint. 

IS 

Analytifal 

^ Radium is almost invariably detected by radioactive means, the 
methods havjpg been referred to in Chapter XV, Vol. I. It gives 
off a-particles,^ which can be detected and even counted in a suit- 
able instrumei-t by means of the^daeh fvhich each particle causes 
when ip strikes a screen ol dne sulphide. The amount of radium in 
• , * 

* C. Lind, il, E. Underwood and C. F. Whittemore, J, Amer. Ghem. Soc. 
40 ( 1918 ), 435 . 
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a preparation is teually measured by means ot an electroscopeb) the 
method keing^^based •up(fi^ the leakage of the charge though air 
ionized by the presence radioactive sujbstance. Raoium c«tn 

be distinguished from thejmore sjbort-lived radioactive substance§ 
(such as radium A, B anu Q)>by the permanent character of its 
radioactivity. . ^ ^ 

The radioactive tests for radium^ are extraordinarily sensitive,^and 
allow us to recognize and even estimate amounts which could not 
possibly be detected by any ordinary method ot analysis. 

• 

Terrestbial Occurrence 

Kfibdium ^curs in all ores of uranium, being actually produced 
by the disintegration of uranium atoms. In praptically all cases 
the content of radium in mineral bears a constant ratio to the 
content of uranium, namely : — 

3-33 X 10-^ : 1 ^ 

or approadmately 1 : 3,000,000. 

The*ores of uranium (and, therefore, of radium) include the 
impure oxide 

pitchblende, UaOg, 

a hejvy blackish mineral of greasy appearance, which also contains 
iron, aluminium, lead, barium, and many other metals ; this is‘ 
found in many parts of the world, mainly in pegmatites or 
metalliferous veins, and notably in Joachimsthal (Bohemia) and 
in Cornwall. Of more importance, hovYCVCx*, is the impure double 
vanadate 

Carnotite, generally expressed as K 2 O. 2 UO 3 .V 2 O 6 . 3 H 2 O, 
a* canary-yellow mineral Chiefly found in Colorado and Utah. It 
occurs there sparsely distributed in sandstone, and ha^ evidently 
been introduced by the actiou of infiltrating waters ; the, uranium 
has presuiuably been* derived from some pri?aary mineral of the 
nature of pitchblende^ The forniula given above does i\ot fully 
represent thf compcsition, since calcium and often barium is 
present. It i§ almost certain *^at more than one mineral con- 
taining vana&um actually occurs in tKe sandstone. ^ Another 
source of radium is a complex Australian deposit, knqwp as “ Qlary 
ore.” This appears to be essentially.a titaniferous Lfon ore, which j 
contains in its crevices a iniHuf^ amount of carnotite and other 
uranium minerals, as a yellow incrustation.^ ^ 

^ W. F. Hillebrand and F. L, Ransome, Amer. J. Sci, 10 (J900), 138-.\41, 

* S. Radcliffe, J. Soc. Chem. Ind. 33 (1914), *229. 
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, ' Technology and Usei^ 

‘PrevioVis to 1898, tl\e Joachifnsthal^iii(^hblende was worked as a 
source of uramum. The residue^ which fjontainodihe radium were 
thought to be worthless and were diji^ip/d on a waste-heap ; it was 
from ^his waste-heap that Mme. Cui^ie obtained ,the first preparation 
of radium salts in 1898. Since tllen the various uranium ores have 
been i^orked mainly for their radium content, although, in the case 
of carnotite, t]je vanadium-production is also of^-great importance. 

d^he greater portion of the world’s supply of radium now eomes 
from the American carnotite. Since the actual quantity of radium 
present in an^ of the ores is extraordinarily small, t^e technical 
extraction is necessarily a laborious process ; but experience and 
patient *r\|search 4h£^lVe enabled manufacturers to simplify the older 
processes to a considerable extent, and yet to obtain a high per- 
centage of the radium present in the ores. 

The Colorado ores^^^ ^pr concentrates are leached with hot concen- 
trated nitric acid, which brings most of the radium and uranium 
and about kdf the vanadium into solution, together ^Vith much 
iron, lea(f and otfner worthless metals. The 'bulky residues are 
separated by filtration. The acid filtrate is nearly neutralized with 
sodium hydroxide, and mixed with barium chloride, and then with 
•sulphuric acid ; barium sulphate is precipitated, and the hisoluble 
sulphates of lead and radium come down with it ; the sulphates 
can tlfen be separated by settling. ^ * 

From the clear solution that passes off from the settling tanks; 
iron and aluminium can first be precipitated with l)oiling sodium 
carbonate ; uranium il net^t precipitated by means of sodium 
hydroxide as insoluble sodium uranate, after whicji the addition of 
ferrous sulphate to the carefully neutralized solution brings tlown 
the vanadium as iron vanadate. The*” precipitates of sodium . 
uranate an(j, iron vanadate constitute valuable sources of uranium 
and vanajfjium respectively. ^ 

The treatment of tCe mixed sulphates of baflum, lead aijd radium 
must no^ be considered. The sulphates are^ converted by heating 
with charcoal to sulphides, which dissolve reaiiily in , hydrochloric 
acid ; the mixture of chlorides is, *^chen repeatedly ^ recrystallized 
from acid solution in silica-linecf vessels, until a prodhet compara- 
tively ,.rich iij jadium is obtained. The lead is removed from the 
oolution of this product by pr^ipitation with hydrogen sulphide in 
neutral solution, and the radium ^nd barium are precipitated by 

^ C.t 'Parsons, R. B. Moore, S. C. Lind and O. C. Schaefer, U.S. Bur. 
Min^ Bull. 104 (191,5); abstract, J. l^oc. Ohem. Ind. 35 (1916), 44 ; R.B. 
Moore, BulL^^Arner. Inst. Minn Eng. 140 (1018), 1165. 
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ammonium carbo^iate as carbdliate;}, which are then redisgqlved 
in hydroljromic acid. F 'hcti^nal crystallization of the bromides is 
now carried out, in aci^., V'>lution, until t^e products obtains ‘a 
sufficient concentration of iirci.dlun) brgmide to be of practical use.^ 
Radium almost in variably I ^onijes on to the market as a mixture oJ 
barium bromide ai^d radium bromide. It has been stated^ that 
about 300-500 tons of the ordinary low-grade ore have to be treated 
to yield one gram of radium in the form of a high-grade salt. 

V arious modiher tions of the process have been pf op^osecl.. Instead 
of reducing the mixed sulphates with charcoal, they can be reduced 
by heating with a mixture of calcium hydride and calcium car bide. 2 
If, after the treatment, the sulpliide produced is treated with normal 
hydrochloric acid, only the barium and radium Sulphides are 
dissolved ; lead sulphide is left unattacked, jyid lead is thus 
separated. A convenient way of concentrating the radium in the 
mixed chlorides is by “ fractional precipitation ” of the solution 
by means of hydrogen chloridt^ gas. An alternative method is the 
fractional adsorption by means of freshly precipitated manganese 
dioxide (obtained by thp fifberaction of potassium jMirmanganate 
and ma?nganous chloride in the absence of acid), which adsorbs the 
radium much more readily than the barium. 

The European pitchblendes are treated by methods a little 
different from those applicable to carnotite.^ Pitchblende contains, • 
of course, little or no vanadium. 

The Australian Qlary Ores are treated by a rather diilerent 
process.^ the amount of uranium mineral in the ore is very small, 
and the mineral is therefore crushed, and subjected to magnetic 
concentration, in which about two-thirds of*the worthless iron oxide 
is removed. Tli^‘ concentrates arc insoluble in acids, but can be 
decomposed by fusion with sodium bisulphate in a Reverberatory 
furnace. The fused product is crushed, and treated with water, a 
turbid solution being obtainea, containing sulphates of ii’on, uranium, 
etc., in solution, and sulphates of lead, barium and radium as a fine 
precipitate. Thanks Lo the fineness of the p^;cVipitate, it passes off 
in suspension along with the solution when the liquid is drawn off 
from the heavy resviue consisting of the unattacked constituents 
of the ore. The liquid is run inft(f settling tanks, where the sulphate 

slimes ” giti^ually sink to the bcittom, about twqjve hours bein^ 
required. The clear liquid can then be drawn off, and the slimes 

^ A systematic method of f. aotion^tion is described by E. Scholl, J, 
Amer. Chem. Soc. 42 (1920), 889. ,* 

* E. Ebler and W. Bender, Zeitsch. Angew. Ghem. 28 (1916), 26. 

^ R. Sternlicht, Ghem. Zeit. 38 (1914), 49. 

* S. Radcliffe, J. Soc. Ghem. Ind. 33 (1914), ,229. 
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(conoifltmg of sulphates of leffd, barium and ra&ium) are worked 
up for r^adium. jf ' ^ c 

' It is of interest to note that, l^jetweci^ijtlfd years 18j?8 (when radium 
was discovered) and 1920, the quantity bof radium extracted in all 
countries of the world only amouniq^i to 120 grams. ^ 

Uses of Radium. 2 The practical importance of radium depends 
' whoiiy on its radioactivity. It is sometimes asked why radium 
possesses a greater importance than other radioactive elements. 
The principal '^reason is that radium has a period of Imlf-change 
(1,645 years) long enough to be regarded as a practically pernsanent 
source of radioactivity, but, at the same time, short enough to 
render it a highly active and concentrated source. Furthermore, 
the fact that it gives off a radioactive gas, which can produce an 
“ active <5lej)osit"’ upon other solid substances, adds considerably 
to the value of radium for some purposes. 

Although, perhaps, radium has not fulfilled all the hopes that 
were once entertaiv -d^ with regard co it, it has proved a valuable 
agent in medicine in the treatment ,,pf certain forms of cancer, 
especially wliere comparatively large quantities have been available. 
Great efforts arc being made to obtain larger quantities of concen- 
trated radium preparations for use at the hospitals. During the 
war, radium has been applied with success to chronic infected 
wounds, and has proved effective in the treatment of scars resulting 
‘^rom wounds. It requires to be used with great care since uAdue 
exposure to the rays of radium may actually cause career instead 
of curing it. 

Another very important use of radium is in the manufacture of 
luminous pain^^ for application to the hands of watches, and the 
dials of compasses and other instruments which lequire to be used 
in the dark. Ordinary j>iiosphorescent substances, such as zinc 
sulphide, are luminous in the dark, but only if they have pre,'dously 
been expos ed to a fairly bright light. The necessity of making this 
expos^irt^ has proved most inconvenient. If, however, the zinc 
sulphide is mixed -vvith a minute quantity of a radium &ait, which 
is continually giving out rays which render «inc sulphide luminous, 
the periodical expcAmre of the instruments To sunHght becomes 
unnecessary. ^ " 

> The zinc sulphide requires to be manufactured under special 
conditions, since some forms are much more active than others ; 
^ the details of manufacture have not been published. The sulphide, 
along with the necessa|;y additkni of ^radium, is mixed with an 

1 Rontgen Soc. 16 (1920), 83. ^ « 

3, C. H. Viol'ind G. D. Kammer, Trans. Arner. Electrochem. Soc. 32 (1917), 
381. 
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appropriate “ vchiljle,” and applied to the surface which is4i« be 
rendered iumii\ous. it ii interesting to note that the^p^nt con- 
taining much racHum graduar v loses ts lumin^jsity, since apparently 
the radium destroys the phosphorescent character of the zincw 
sulphide. It is thought that lu^ninous paint made according to the 
British Admiralty Specificatfon loses about half its brightness* each 
year. Paint containing less radfum, although less bright ^hen 
freshly made, would retain its phosphorescent character for a longer 
period.^ 

Radium has also been advocated as an addition tb soils. Several 
experimenters have elaimed that the radium-treatmhnt of soils 
increases the value of the crops produced, but it seems highly 
imprdl^able that such treatment would prove remunerative. ^ 

1 F. IT. Glew, Chem. Dmg. 88 (1916), 653. 

2 Seo IJ.S. Dept. Agr.y Btireau of Soils, Bull 149 (1914). 



GROUP IIIa 


Atomic Weight^ 


B^Jroii . . . . 10*9 

Aluminium . . . . 

Scandium . . . . . 45-1 

Yttrium . . . , . 89*33 

Lanthanum ..... 139*0 

Actinium ..... 2f32*0 


The elements of Group IIIa are farTei^s basic in characUu* than 
those of tiroup ILi. The first member of the group, boron, i^ usually 
iccounted a non-metal, and will be discussed only briefly in this 
*rolurae ; its oxide is weakly acidic in characte^, and can only 
iisplay basic properties towards a few strong acids. 

Aluminium is typically metalhc in its physical characters, but the 
oxid^’, although essentially a weak base, has -also still inore feebly 
developed acidic properties. 

The next three metals of the group, scandium, yttrium and 
lanthanum, a^e basic in ci-iaracter, but much less strongly basic 
than the metals of Group IIa ; these three elements so closely 
resemble thdt unique cluster of elements known as the “ rare earth 
metals,” which follow lanthanum in the order of atomic weights, 
that they^will be regarded as memoers of the rare earth group. 
Actiniuju, which possesses interest ^s a radioactive substance, has 
also chemical proj/^^rties very similar to those of the^rare earth 
elements. ^ 

In passing from Qroup IIa to^Group IIIa, \^e note,^along with the 
loss of marked basic properties^ 'an increased tendency to form 
highly insolul^le compbunds. * The hydroxides, fol “ instance, are 
ext^^mely jnsoluble, as is indicated by the gelatinous form in which 
, they are commonly precipitated. 

The elemeats are in all cases^trivalfnt, and the compounds, for 
the most part, colourless. 
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Atomic weight 10-9 

The Element 

Borc>n is usually considered as a non-metal, and* requires only a 
brief mention in this volume. It resembles the element carbon — 
which follows it in the order of atomic numbers — much more closely 
than ft resembles any element of its own group. 

The element is usually met with as a chestnut* brown or black 
amorphous powder, which* may be compared to the ordinary 
amorphous frirm of carbon. When crystallized from molten 
aluminium it is obtained in the form of v^ry hard transparent 
yellowish crystals, which may aptly be compared with the diamond. 

Boron dcitis not condueJb eJcetricity and has none of tho^physical 
properiies of a metal. It is an exceptionally light element, the 
specific gravity being only 2-5. It is appreciably volatile at the 
temperature of (h© electric arc, but appears to vaporize without 
melting.^ 

PcMdered boron burns when heated in air, yielding the oxide, 
sometimes mixed wiih the nitride. The clement appears fairly 
stable ill low temperatures. It does not cause the evolution of 
hydrogen from mineral acids (e.g. hydrochloric), but is oxidized by 
nitric or concentrated sulphuric acid, \fith%ho forn^ation of boric 
acid. 

When introduced into the solution of a salt of silver, gold or 
platinum, boron causes the*prccipitatioii of the metal in the elemen- 
tary condition. 

Laboratory Preparation. The element ifj^ best obtained by 
heating the trioxide with magnesium powdt^^in a crucible, the 
trioxido being in excess^ so as to hinder the formation of magnesium 
boride. The button* obtained oi^ cooling is broken up and the 
central portion^ which has a brown jolour, js separated and boiled, 
first with water so as to remove excess of oxide, and*then six times 
with dilute hydrochloric acid, and finally with hydrofluoric acid, so 
as to dissolve out the magnesium boride and borate thal are present 
in the mass. Finally the residue *.of amoi’phous boron is washed 
with water and dried. ^ The product of 'this process invarinjbly 

^ H. Moissan, Comptes Rend. 117 Cl 893), 424. 

“ H. Moissan, Compte^ Rend. 114 (1892), 392. 
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contains magnesium, and, altliough dii^jcai; partlji be eliminated 
by sub^'quont heating with boron trio^ilie, the bo^on c'otained is 
never quite pure. ‘ r‘ ‘ / 

Recent work has shown thatdt is possible to obtain boron in a 
statq of high purity by the actior\''(5f ^ high-tension arc upon the 
vapour of boron bromide. Disspciation pf th5 bromide into boron 
and bromine occurs, and if freshly reduced copper is introduced 
into the Vessel*, 'the bromine may be removed as quickly as it is 
formed. ThiS piethod is capable of yielding boron of 99-8 per cent, 
purity, but, as a pressure of 80,000 volts is needed, it could' not be 
carried out in every laboratory.^ 

Compounds 

Boron is trivalent in all its compounds. The trioxide, BgOg, 
is formed when boron is heated in oxygen, or whefti the hydrate, 
boric acid, is heatCdUo redness. When the fused oxide is cooled 
down, there is a marked tendency .to form a glass^ instead of 
crystallising — a pendency characteristic also of the borates. The 
oxide is a white non-volatile solid. On account of the non-volatility, 
boron oxide is capable of expelling other oxides from combination 
with a base. For instance, sodium sulphate strongly heated with 
boron trioxidc, yields sodium borate ; sulphur trioxidc — although 
an exide of far more pronounced acidic properties — is driven off 
as vapour. • 

Boron trioxide is soluble in water, and from the solution, boric 
acid, H3BO3 or B(Oti)3,^may be obtained by crystallization in 
shining coloifrless scales. Dry boric acid, when in the powdered 
condition, produces a curious “ soapy ” sensa^aon when rubbed 
between the fingers. • 

In spite of the non- volatility of the anhydride (B2O3), brric acid 
itself is tery appreciably volatile in steam. . When a solution of 
boric a'cid is evapep-ated, it loses, at first, water vapour alone, but, 
as theu solution becomes concentrated, boric acid commences to 
distil away along with the si^am,^ Boric acid is also extremely 
volatile in the vap6ur of methyl oj ethyl alcohol. This is probably 
due to the formation of an qstev with low boiling-point ; methyl 
borate, for instance, boils as low as 65° C. 

A solutibti of boric acid shows only very feeble acidic properties. 
It turns a sglution of blue litmus purple-red, but does not give the 
true red produced by stronger ucids f methyl orange is unaffected 
by, boric acid. The hydrion concentration appears to be increased 

* 'F. Meyer and,R. Zappner, Rcr. 54 (1921), 650. 

* L. do Koningh, J, Amtr, Qhem. Soc. 19 (1897), 386. 
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by the pre3cr,ce of gly( erine or m tnnitol, possibly owing «l:f) the 
formatic«L of ^some sti(i\g complex acid. At any rat^, in tjie 
presence of glycerines boric yoid is able to discharge the pink colour 
of alkaline phenol -phthaL^n. • • 

Boric acid combines Avitb ‘bases yielding borates. The most 
important of these* is sodiilm pyroborate (borax), Na 26407.101120 
or Na20.2B203.10H20, which crystallizes in colourless raonot*linic 
prisms from a solution of boric acid to which sodpwn carbonate has 
been added. Solutions of borax are strongly alkAlino, owing to 
hydrolysis. 

When hydrated borax is heated, it gives off water, swelling up in 
a most strik'^g manner, and finally subsiding into a rpass of molten 
anli^drous borax. When cooled down, th(‘. anhydrous borax does' 
not easily crystallize, but forms a glass ; the gl*ass dcvj.trifies on 
keeping. Molten borax cfissolvcs several metallic oxides, which 
impart chare cteristic colours to it; hence the use of borax in 
qualitative analysis. • v 

Many borates (notably t^ipse of calcium, barium, lead and silver) 
aroj)ractic*{illy insoluble*' and are prepared by the or(l5najjy method 
of precipitation. 

The perborates can be produced by the action of hydrogen 
peroxide on thei solutions of the borates ; of tliese sodium perborate, 
NaB03.4H20, is the best known. They have mild oxidizing pro- 
perfiies and liberate iodine from potassium iodide. 

All hough boron ttioxide is essentially acidic in its x)roperties, it 
Tloes appear to form unstable compounds with sulphuric acid or 
sulphur trioxide ; and, although these ^are not usually’ styled 
“sulphates” in the textbooks, their* formation nay perhaps bo 
taken to indicat?> that the oxide does foossess feebly developed basic 
properties.^ For instance, on the addition of powdered boric acid 
to a large quantity of sulphur trioxide, a violent reaction occurs, 
and the whole mixture liquefies. If the excess of sulpSur trioxide 
is driven off by heating at 100“^ C., a solid separates or cooling, 
which, when dried in a desiccator, has the ct)mposition B (11804)3. 

Boron forms very interesting volatile compounds with the halogen 
elements. The chi ♦ride, BCl^.^can be obtained by the action of 
chlorine on bgron, but is more corweniently prepared by passing a 
stream of cWorine gas over a strongly fieated mixture of boro^ 
trioxide and carbon, the vapour being condensed in a.U-tube placed 
in a freezing mixture. It is a colouiless liquid, boilAig at as low a* 
temperature as 18° C. K is thus difficult to preserve. When 
introduced into water, it is hydrolysed to boric and hydroahloric 
acids. • 

' R, F, D’Arcy, Trans. Ghem, Soc. 55 (1889), 155* 
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^TEb^ fluoride, BF3, is evefi more vAtile, ^ein^ at ordinary 
tQmperaV^r^s a gas having a very unpleasant odour ; it»* liquefies 
at ~ 101 ° C. and solidifies at 127 ° Q* It can be produced ty the 
direct action of fluorine on boroafi, but |;horo arc various alterna- 
tive methods of preparation. / 

Like the metals of the previous^group, b/iron lias an affinity both 
for Aydrogen and nitrogen. Various hydrides 2 are known. A 
mixture of iiydrides can be obtained in the following way. Boron 
oxide is heated wdth excess of magnesium, and the product, which 
con'oains magnesium boride, is treated with acid in a vessel tlrrough 
which a slow stream of l^drogen is passed. The gas heaving the 
vessel, consisting of hydrogen mixed with the vap^ir of boron 
hydrides, is passed through drying-tubes containing cafeium 
chloride ilad pho.^phoriis pentoxide, and then tlirough a tube cooled 
in liquid air, in which a mixture of boron hydrides, together with 
traces of silicon liydridc and carbon dioxide, condone in the solid 
state. By fractional’ distillation df the snow-like product two 
hydrides of boron can be isolated. Xtie composition and vapour 
density of. these t^wo hydrides correspond to the formulae^ B4H10 
and BeHi2 respectively ; both are liquid at ordinary temperatures. 
Various other hydrides are known. When B4H10 is heated, it yields 
, a gaseous hydride B2He along with a solid hydride B10H14, and 
other products. It is stated that probably at least ten hydrides of 
'ooroiv, exist. The volatile hydrides have disagreeable odours^^and 
are very poisonous. ' # 

The nitride, BN, can be formed by the action of nitrogen on 
boron at very high temj^ratures, or, more conveniently, by passing 
ammonia over <:)oron trioxide mixed with calcium phosphate, which 
serves to render the mass porous and thus to give the ammonia 
access to the boron trioxide.^ Another method of preparation, 
which is said to give a purer prodiifd? depends on the action of 
ammonia ftn boron chloride.^ Boron nitride i^ a colourless solid, 
insoluble?- in cold wa^er, but decomposed by boiling water, yielding 
ammoniji and boric 4 cid. 


Analytical 

» Any volatile toompound of Won confers a green* colour on a 
flam© This- fact can be used in the detection of a borate. The 

41 

1 H. Moissan? Comptes Rend. 139 (l0O4), 111. 

* A. Stock and C. Masri^nez, Ber. 45 (1912), 3539 ; A. Stock and K. 
Fried^ici, Ber. 46 (1913), 196b ; A. Stock, K. Friederici and O. Priess, Ber. 46 
(1913), 3353; A. Stock, Zeitsch. EleUrochem. 19 (1913), 7/9. 

•"L. Moeper &nd \^. Eidmy.nn, Ber. 35 (1902), 535. 

* F. Meyer and R. Zappner, Ber. 54 (1^2 1), 660. 
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substance in the f resence ot 8\ borate is suspected should be 

mixed wi|h cajcium tluo*’tde and pf*tassium disulphate (fyee from 
boron) ; a little- of the mixtiire, slightly moistened, is ftiefi held on 
the end of a clean platim^m wir^, and the reducing flame of th^ 
blowpipe is directed on the mixture. A grec;i coloration, best seen 
against a black background, indicates boron. ^ The object of the 
calcium fluoride is to convert ftio boron to the volatile boron , 
fluoride, BF3. 

Small traces of boric acid arc also detected means of the 
vegetfible colouring matter turmeric. The sdbstance to • be 
examined is dissolved in dilute hydrochloric acid, and’ a few drops 
of the solution applied to yellow turmeric paper. If boric acid is 
present, the paper turns reddish-brown on drying, and changes to* 
blue-black, grey or green on the addition dilute ^;l^tali. A 
quantitative method for tlie colorimetric estimation of boric acid 
based on the reaction with turmeric solution has been worked out. 2 
It should be noticed, however, that zirc^inic, titanic, tantalic, 
niobic and molybdic acids^ produce a rather similar change with 
turmeric. ^ 

The precipitation ‘methods devised for the separation of boron are 
not easy, but various processes have been devised depending on the 
fact that boric icid is volatile in a current of methyl alcohol.^ 

Boric acid can be titrated with sodium hydroxide in the presence * 
of glycerine, phenol- phthalein being employed as indicator. Any 
strongcT aedds preseht in the solution should first be neutralized ; 
for this preliminary neutralization, methyl orange or para-nitro- 
phcnol, indicators which are unaffected by boric acid, are useful. 
Having obtained neutrality towards Tnetnyl oranjje, glycerine is 
added and a few^rops of phenol-phthalcin ; then sodium hydroxide 
is run in until a pink colour appears. .Ti'rom the amount of sodium 
hydroxide needed, the quantity of boric acid present may be calcu- 
lated according to equation, 

H3BO3 +NUOH = NaBOo 4 - 2H3O. 

■* * 


Tj^rrestrial Occurrknoe 

% 

Being a comparatively rare el^ihent, the boron contained in igneous 

intrusions cdlects in the last solidi^ing portion of the mass. Since 

• » 

^ Sir W. Crookes, “ Select Methods in Chemical Analysis,’ \(Longiijaiis). 

* See V. Samter, " Analytische Schellmethodon ” (Knapp). 

® F. P. Treadwell, “ Analytical Chemistry translation by W. T. Hall, 
1911 edition, paf/e 67 (Chapman & HMl). 

* F. A. Gooch and L. C. Jones, Zeitscli. Anorg. Chem. 19 (1899J, 417. 

Working details* given by W. W. Scott, " Standard Methods of Chemical 
Analysis” (Crosby Lockwood). See also O. von Spiiidler, Zeit,^ 29 

(1905), 682. 
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manj^of the compounds of boijon are distiLctlpr vmat^le, it is largely 
expelled^n the vaporous state,. along witlf'the* other, elements, such 
as fluorine,^ tin, lithiujn and uerylliijm’* which al^o have volatile 
compounds. Many of these vapours ac| chemically upon the rocks 
through which they pQSS, and, in th^^ay, various boron-containing 
minerals arc produced. For instance, lourmalino, a complex boro- 
^ silict^te of aluminium and othef metals, is produced where the 
vapours hqve jvassed through granitic rocks. It is of interest to 
prospectors n(\t only on account of its own vahie (some varieties 
are, attractive gbm -stones), but also because it is frequently dissoci- 
ated with ofhpr valuable minerals, notably tin-stone. 

Whilst, however, a good deal of the boron in thg^vapours and 

• hot waters given off by igneous masses is lost by reaction with focks, 
a certafii^amount reaches the surface of the earth. In the volcanic 
regions of Tuscany, some of the jets natural steam that arise 
from the ground contain an appreciable amount of boric acid (which, 
as has been stated, i^ quite volatile in steam). Hot springs con- 
taining borates occur in the volcanic ^district of the Yellowstone 
Park. In sbeh a way boron compoundfi have comc^to exist in 
terrestrial waters* and, although there are only very small amounts 
in the ocean, certain inland lakes, notably the great Borax Lake of 
North California, contain a great deal of sodium J[)orate ; in that 

* particular case, the supply almost certainly came from hot springs 
*in the neighbourhood. * 

By the natural evaporation of such lakes, deposits solid salts 
— including borates — are formed. Evidently the crusts of boroh 
minerals found in the marshes of South California have been formed 
in this way. ^he saltl^ coAtain not only 

Bory,x . . . Na.>B 407 .A)ll 20 

but also calcium borates s^ch as 

CJplemanite . . . * CagBeOii.bHaO. 

Important deposits occur in Chili, in ihe same desert regions where 
the nitrates arc found. Here the main mineral is a doi^Dlc borate, 

Ulexite . . c . , NaOhBjOB.BHgO. 

A third important borate-produfiifig district is tfie region of 
Panderma, on the Sba of Marmora, where calcium B«i’ate ^ occurs 
hnder the name 6f 

• * Pancfcrmite . . CagBeOn.SHaO. 

In addition, deposits of ^rude bm’ax* o#cur in Thibet. 

1 Sbme authorities speak of the miy.eral coming from ^his district as a 
m^nesium boj»te, hut the principal metal — at any rate in the mineral now 
sent to thisi country — is calAum. 
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It is intere^ing* to noi;^ that t)oralcs — evmcniiy produced the 
gradual concentration otHhe small quantity present in l^he sea-- 
occur in the H,'^lt deposits of Stassfurt. ^Jut the mfnei^ls there 
occurring, such as " t 

Boracite . ^ . , 2Mg3B80i5.MgCl2, 

are mainly borates of magnesiuip, not of calcium. 

Technology and Uses • * 

The borate deposits of California, Chili and Asiff Minor now form 
the most important sources of boron compounds. Where soluble 
sodium bor<fe is still found, it may only require rccrystallization to 
yield the salt in a sufficient state of purity. But generally speaking 
the deposits consist mainly of calcium borjitds, whielf require 
decomposition in order to give the commercially useful compounds 
of boron. • 

Essentially the process is a double decomposition. The minerals 
are ground, and boiled witji,a solution containing sodium carbonate 
and J)icarConate. Calcium carbonate is precipitated, and can be 
removed by filter-pressing whilst hot ; the lilti*iVte is run into big 
tanks, where the borax separates on cooling in aggregates of largo 
glittering cryst ils. 

Where it is desired to prepare boric acid, the method is modified,*’ 
the ground mineral being decomposed with acid. If hot hydro - 
chloj ic ackl is used, •boric acid separates from the solution oix cooling 
*in shilling laraellye ; the highly soluble calcium chloride remains in 
solution. If sulphuric acid is used, the precipitate of calcium sul- 
phate is separated by filtration whilst *liot, and^ the boric acid 
crystallizes frofti the filtrate. In cither case, the boric acid is 
purified by recrystallization. Some <^are must be* taken in the 
manufacture of boric acid to avoid loss due to the volatility of the 
acid in steam. • 

A considerable amount o^ boric acid is still obtained^ from the 
hot springs of Italy. 

Boric acid is empVycd largely as a preservatiA^ in foodstuffs, 
and is used, as a Aild antiseptic. 

Anhydrous borax is used in the ^lass industf y ; glasses containing 
borates have usually low softening-points ; for ^he same reasojp, 
borax and boracic acid is useful in the manufacture, of enanq^ls and 
glazes. Owing to its capacity for dissolving metallic oxides, borax 
is used as a flux in metaUui^y,*and also in brazing and soldering. 
Borax is also added to soap mixtures*inte^ided for use in har(\ water. 
The borates 5f manganese and lead are used as ‘‘ driers ” f6r oils. 

Several of the perborates have alsD a technical ,importaMce. 
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Sodivij:! perborate, NaB 03 . 4 li 20 , made l|y the ‘action of sodium 
peroxide^. on boric acid, is iisedlfor bleacl/mg ; it is Ipss destructive 
to the m^telials than rpany of me more violent oxj^izing agents. 

^ A good deal of sodium perborate is al^) prepared clectrolytically, 
especially in Germany/ A solutio^ containing borax and sodium 
carbonate is believed to be used; pelborates-’aro formed at the 
^ anodo, and after electrolysis, thf; solid sodium perborate can be 
separated a .^ight cooling. The factors governing the efficient 
production of lyjrates are the same as those discussed in connection 
with the electrolytic preparation of chlorates and hypochWrites ; 
perborates ato/ormed (directly or indirectly) at the anode, but, if 
they come in contact with the cathode surface, the^jiare hable to 
he destroyed. Substances like the chromates and turkey re^l oil, 
which fOrpi films ♦oyer the cathode surface, decrease the loss due to 
this cause. Very pure chemicals are nbeded for the manufacture 
of perborates. The presence of iron, for instance, •catalytically 
accelerates the cathodic destruction* of the product. Tin may be 
used as a cathode-material ; but the only suitable anode material 
is platinum — h fact that naturally adds to the cost of the electrolytic 
process. 2 * 

Owing to its affinity for oxygen, boron is sometimes added as a 
deoxidizer to metals, notably copper, aluminium, idckel and their 
•alloys, before casting ; it is introduced into the molten metal, in 
the form of the so-called “ suboxide , a product made by the action 
of ma*gnesiura on excess of boron trioxide. The “ suboxide ” is 
probably boron containing the trioxide in solid solution. Experi-’ 
ments have shown that boron can also be employed, with advantage, 
in steel, being in this c^se Added as an iron- boron alloy (“ ferro- 
boron ”). 

« 

^ K. Arndt, Chetn. Zeit. 39 {lhl5), 806 ; K. A^rndt and E. Hantge, Zeitsr.h.. 
Elektrochem. 28 (1922), 263. See also V. Alsgaard, J. Phys. ClUtin. 26 
(1922), 137. « 

* K. Arrjdt, Elcktrotcch. Zcitsch. 42 (192J), 345. 
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Atomic weigh I 27-1 

% 

The Metal 

Aluyaimum is a white metal, which assumes a bright lustre w^^en 
polished. It is one of the lightest metals known, the specific gravity 
being about ^*70 ; the specific gravity varies slightly according as 
the metal is in the cast, rolled or annealed conditio A. ^ Although, 
considerably harder than most of the metals^ so far coi^idered, 
aluminium is both ductile and malleable ; both wire ancf thin leaf 
can be obtaii^ed without difficulty. The crystalline form is cubic, 
the atoms being arranged- -according to the rjpsult of X-ray analysis 
— on a face-cejitred lattice.^ 

Cast aliAninium when viewed in a micro-section shows the 
ordtTffTry granular structure of cast metals, but ^hen sufijected to 
mechanical deformation, the structure becomes modified. When 
cast aluminium j^s gradually rolled out into thin sheets above 400° C., 
the individual crystals become greatly elongated in the direction 
of billing, and flattened in the direction at right angles.^ It has 
sometimes Jicen stated ^ that excessive cold- work renders the Inetal 
struct ureless, converting the crystalline metal almost entirely into 
amorphous material ; it seems likely, however, that much crystal- 
line aluminium always remains, although ^^ossibly i^i some cases it 
may be difficult ^ detect the crystalline structure in micro -sections. 
Nevertheless sufficient “ amorphization ’’ occurs du/ing deforma- 
tion to cause a considerable increase in hardness and ductility ; the 
arnorpTious or pseudo- amo/phous material is probal'^y formed 
mainly at the boundaries of the distorted crystal-grains, i^nnealing 
renders the work-ha:^ened metal soft and djulstile again. At high 
temperatures (500-60^^° C.) the softening is quite u'lpid ; *at lower 
temperatures (100 «f00°C.) io requires man}^ hours. The loss of 
the acquired* hardness and sti^ilgth on annealing is, however, not 
always acccTffipamed by the con?plete Aecover^ f)f ductility — as 
judged by the elongation test.^ 

r 

^ F. J. Brislee, Trans. Faraday Stc. 9 fl913), 1C2. 

a A. W. Hull, Phys. Rev. 10 (1^17^ 661. 

* H. C. H. Carpenter and C. F. Elam, Inst. Met. 25 (1921), 2^9. 

* F. J. Brislee, Trans. Faraday fSoc. 12 (1916-17), 67. Compare’R. J. 

Anderson, J. Franklin Inst. 187 (1919), 1. • • ^ 

* H. C. H. Carpenter and L. Taverner, J. Inst. Met. 18 (1917), 116. 
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Th^ exceptional weakness which is |}ometihies^ met with in 
aluminiiim which has first beet hardened by heformatioryand then 
annealed*^ls,^in some ca^es at least, duetto the presence of very large 
crystals. As usual, the formati^ of^ crystals is most likely 
to occur when the degree of defornli^ion has been small. Highly 
deformed aluminium acquires on annealing a -comparatively fine- 
grairr?d structure, and it appears^ that recrystallization, in this case, 
always stai;ts frpm nuclei which arise spontaneously at the boun- 
daries of the deformed crystals.^ If we imagine that “ amorphous ” 
maJterial is prdduced, during the deformation, at the cjystal- 
boundaries, 'tfie initiation of crystallization at these points need 
occasion no surprise.^ ' 

‘ By very mild deformation of a bar of ordinary fine-grtiined 
aluminihqi, follorvcd by suitable heat-treatment, Carpenter and 
Elam ^ have succeeded in converting the whole bar into a single 
crystal, the orientation of the atoms being thus rendered uniform 
throughout all parts the specimoji. To obtain this remarkable 
result, they gently pulled a number of bars in an ordinary machine 
until the extension of each bar was about 2 per cent, of 'chc original 
length, llie bar^ were then placed in a furnace at 450° C., ana the 
temperature was gradually raised (by 15-20“ C. per day) until it 
reached 550° C. ; finally the bars were heated at (}00° C. In each 
* bar at some moment during the gradual heating, some one crystal- 
tgrain which happened to be favourably situated would comm(5nce 
to grow at the expense of its neighbours, and would gpntinue to 
grow until it extended over the whole bar. Sometimes a second 
grain — or perhaps two or three others — might commence to grow 
before the first^had dev^lopM over the whole bar, and in such cases 
the bars in the final state would consist of tw#:>, three or four 
crystals ; but if the heatup? was suiliciently slow, this could often 
be avoided, and a considerable proportiofi of the bars treate^d were 
found — after cooling — to consist of single crystals. A study of the 
behavioyr of these single-crystal specimens to a tensile stress is of 
the greatest interest, 'and has greatly extended our knowledge of 
the mechanislx. of gliding and ^twinning. ,Tn general the single- 
crystal specimens show a much smaller tensile strength than similar 
specimens consisting of numerous* small grains, but the tensile 
strength of difl^rent single-crystal specimens varies ‘considerably ; 
this i§i actuary to be expected, since the orientation of the rows of 
•atotns will be different in different specimens, and it is quite in 

1 H, C. H. Carpenter an(f*C. F. Elam, J. Inst. Met. 24 (1920), 83 ; 25 
(191?;, 269. , . 

* U. R. Evar.s, J.Jnst. Met. 25 (1921), 298. 

* H. C. H. Carpenter and C. F. Elam, Froc. Roy. Soc, 100 [A] (1921), 329. 
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accordance wi^*our kn.^wledge of crystals that their str^gth 
should beudiflerent when they are t<]sted in different direQ,tion 8 . 

The chSmic^ behaviour- of metallic aluminium is* s^?ftnewhab 
anomalous. It is in some ii^s|)ectr 0119 of the most reactive metals,, 
commonly met with ; at high terdpcratures it oxidizes rapidly in 
air, whilst aluminium powden reduces the oxides of the less reactive 
metals to the elemental condition^ great heat being evolved during 
the change. Nevertheless compact aluminium lem^ains ^unchanged 
in the air at ordii?ary temperatures, and keeps its ^brightness far 
better ^han lead and copper, for instance. ’ 

This is, without doubt, due to a thin skin of coloui-less, trans- 
parent oxide Jj^hich is normally closely adherent and acts like a 
“ plating ” of a noble material upon aluminium. The oxide-film > 
produced upon aluminium at ordinary temj>eraturvs is too thin to 
be visible ; but when thin a*luminium foil is heated at 806 *^ C., the 
foil, although ^till unchanged in appearance as viewed by reflected 
light, becomes quite transparent when viewed^ by transmitted light, 
and may be seen to consist mainly of oxide containing numerous 
beads of uiK^ianged metal ^y the action of hot strong nitric acid, 
theHTOhauged metal can bo removed, leaving the oxide as a mass 
of colourless iridescent scales.^ 

The close adh^ion of the oxide-film naturally depends as much 
on the character of the underlying metal as on that of the oxide, 
and ^ is not surprising to find that a small change in the surface .• 
may alter fjie adhesion, and hence the rate of attack by the air. 
If aluminium is rubbed with mercury and then exposed to the air, 
it oxidizes very rapidly ; evidently the oxide formed does not 
adhere well to the amalgamated surface; and thereforje produces no 
protective film v^ich would prevent further action . 2 

Although ordinary compact aluminium is but littld affected by 


exposure to the air, alumiiiium powder - owing to its large surface 
area— oxidizes more readily, '^especially when heated. ;\t 600° C. 
only the oxide is jkoduced, , but at high temperature^ (800- 
1,000° C.) tjie product* contains nitride also.^ 

The existence of thq oxide film also explains tk# comparative 
slowness with which .^‘ompact aluminium enters into reactions with 
aqueous solut!ons. For instanOcq aluminium placed in a solution 
of copper sulphate, does not readily cause ’a separat-ion of metallic ^ 
copper. The behaviour of the metal towards reagents in general 
depends largely on their power to diss^olve or loosen t5ie oxide film. 

^ R. Seligman and P. WilliaHis,^J. 4nst. Mefi. 23 (1920), loO. 

* L. Kahlenberg and J. A. Montgomery, Trard^. Amer. Electrochem. Soc. 36 
(1919), 285-288. ^ee also R. Miiller and F. HOlzl, Zeitsch. Anorg. Cheni? 121 
(1922), 103 ; especially pages 108, 109. 

* E. Kolm-Abrest, Gomptes Rend. 150 (1910),* 918. 



176 ' METALS AND METALLIC COMPOUNDS 

Alunijnium evolves hydrogen reAdily fifom soltiti^ons of caustic 
alkali, ^luminates being produced in the solution.* H^rochloric 
abid alsCf* abts on aluminium 'causing ait fairly bri^k e’^lution of 
Jiydrogen ; sulphuric acid agts mucH l^s readily!^ Very concen- 
trated nitric acid scarcely acts dn aluminium at all, but the dilute 
acid attacks it to an appreciable ektefjt, especially if the tempera- 
ture^is raised, or if oxides of nillrogen arb present 2 ; it should be 
noted that^the rate of attack by nitric acid depends also on the 
mechanical condition of the metal — whether cold- worked, partially 
anpealed or thoroughly annealed.^ 

The action of organic acids has been studied by Seligman and 
Williams, who have obMned results of great inter^b.^ One per 
, cent, acetic aiid was found to attack aluminium fairly readily, but, as 
the conoentratice^ of the acid tested increased, the rate of corrosion 
decreased. Ninety-nine per cent, acetio acid was practically without 
action, and one would expect that absolutely anhydrous acid would 
likewise prove to be^inactive. But, as a matter of fact, it was 
found that the removal of the last 0*05 per cent, of water from the 
acid increased the rate of attack one-hhndredfold. Similar results 
were obtained with palmitic and oleic acids, and also with Tp^Acnol 
and even alcohol. The power of a mere trace of water to inhibit 
the action is certainly remarkable ; it has been explained on the 
supposition that — in the presence of water — the soluble organic 
salt is hydrolysed, producing hydroxide, or a basic salt, "v^hich 
adhdtes to, and protects, the metal. < 

The action of salt solutions upon aluminium has also Seen studied 
in detail. The metal is attacked by solutions of many salts 
(especially by^chlorideil), hydrogen being evolved ; as a rule, how- 
ever, the rate of corrosion, which at first incrca^s with the time, 
decreases ag?tin, evidently owing to the formation of an obstructive 
coating of aluminium hydroxide.® As ki so many cases, chlorides 
tend to Igosen the film and make if less perfectly protective. 

The anodic behaviour of alumini^fm has ah'eady been discussed 
in Chapter XII (Vcfi, I). It is only necesswy to repeat here that 
valve abtion%'s shown towards most solutions. In other words, 
aluminium will nof^, function a^ an anode a| low E.M.F.s ; in a 
solution of ammonium borate an*E.M.F. as high as 6 OO volts must 
^be applied be^re ‘tlie hisulatifig film breaks down?* If, however, 
the solutiop contains chlorides, a considerable leakage of current 

^ See W. D. Richardson, Tranil Amer. Electrochem. Soc. 38 (1920), 266, 267. 

« R. Seligman and P. Williams, J$ Soh Ghem. Ind. 35 (1916), 666. 

• R. Seligman and P. mlliapas, Trans. Faraday Soc. 12 (1916-17), 64. 

Seligman and P. Williams, J. Soc. Chem. Ind. }5 (1916), 88; 37 
(1918), 159 t . , 

» G. H., Bailey, J. Soc. Ohem. Ind. 39 ( 1920 ), 118 t . 
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takes place at Ifce surface of an aluminium anod# even at quii^b low 
E.M.F.s. ^he Rectifying effect of the aluminium electrode is 
directly d\ro to tJie presence of a film of oxygf.n upon th^ sTTrface of 
an anodically polarized aln^ilnium electrode ; this gas-film can be# 
crossed by electrons in one dmection but nojb in the other. The 
gas-film would, however, ilever come to be produced if the 
aluminium were not covered, at t^e moment of immersion ii^the 
electrolyte, with a protective oxide-film, which prev^its the passage 
of aluminium into the ionic condition. 

Labwatory Preparation. Although aluminium dpes not, in 
practice, readUy pass into aqueous solution, it stands* too near the 
negative end c * the Potential Series to be deposited froiji an aqueous 
solution of its salts by electrolysis under ordinary conditions. 
When an aluminium salt solution is electrolysed, liydrogiui alone 
is produced at the cathode, ^t is very difficult to make the cathodic 
potential so negative that aluminium deposition could begin, 
although certain experimenters — using a verythigh current density 
and a rotating cathode— succeeded in showii"^ that the 
deposition of aluminium ff’om an aqueous solutionis possible.^ It 
will never, however, be a convenient method of preparing the metal. 

The metal can be produced in the laboratory by the electrolysis 
of a fused bath, for instance sodium aluminium fluoride containing 
dissolved alumina, the process being founded on that used on a 
commercial scale. ^ Or it can be obtained by the action of a^till 
more reactiwe metal, fike sodium, upon the fused fluoride, or upon 
sodium aluminium chloride. It is rarely prepared in the labora- 
tory, and the description of the technical^ metallurgy must be 
reserved for the technological section. 

An interesting Inethod of prej^aring very pure alunpnium from 
the commercial metal has recently been |.ublished.^ It depends on 
the fact that when molten imppre aluminium sohdifies, the crystals 
are comparatively pure in the early stages of growth ; the main 
impurities, iron and silicon, remain liquid untij, the last mament, 
when they separate as a eutectic. If technical alumiiyum is 
allowed to crystallize sbwly, and i", stirred vigorous!^ during the 
solidification, a|Spong/ aggregate^oj crystal grains is obtained, which 
can afterwards Jbe broken up into ^ coars^ p»wder ; each grain 
consists of a core of fairly pure aluminium surrounded by a thin ' 
layer of eutectic containing the impurities. The graiuil^r mais is 
then extracted with 1 per cent, hvdrochloric acid, which dissolves 
« • . • 

^ S. A. Tucker and E. G. Thomssen, Trans. Amer. Electrochem. Soc^ 15 
(1909), 497 ; A. H* Cowles, Trans. Amer. Electrochem. Soc. 15 (1909), 6(13. 

* S. A. Tucker, Electrochem. Ind. 7 (1909), 316. • 

* F. and W. Mylius, Zeitsch. Anorg. Chem. 114 (1920), 27. 
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off n; 9 st of the imp^'re film, leaving purer metal l^efiow untouched. 
Wlien tfic extraction with fresh hydrochloric ^icid ceases perceptibly 
to dissoFv e 9,way iron, the granules aro w;ashed with watefi* and then 
jemelted, the whole purification bein^ repeated uiltil the necessary 
purity is obtained. 

Compounds 

Aluminium io ,• tri valent in all its compounds. The salts are 
colourless substances, except where derived from coloured acids. 

Aluminium oxide (Alumimi), AI 2 O 3 , is obtained when alu- 
minium powOer is heated in air. Like the oxides of, calcium and 
, magnesium, 'it is extremely infusible. Only the^oxy-hydrogen 
blowpipe or the. electric furnace can melt it. When obtained at a 
high tenlperature, the oxide is compact, crystalline, very hard and 
almost insoluble in acids. The hard naturally-occurring form of 
alumina (corundum) is also practigally undissolved ' by acids, and 
evidently has been 'produced at a high tcm})crature. When 
obtained, hojvever, by igniting the hydwxide at a low temperature, 
alumina Is dissolved by acids and also by alkqlis at an apprftfeiv*ble 
rate. In this respect, alumina resembles beryllium oxide. 

The porous alumina obtained by heating the hydroxide at 
275° C. is quite hygroscopic, and takes up a consiOerable amount of 
^ water when exposed to damp air at the ordinary temperature. 
But d:his a})pcars to be due merely to adsorption, and not to the 
regeneration of the hydroxide.^ 

The corresponding hydroxide, usually written A1(0H)3, is 
obtained when a hot sclutym of an aluminium salt is precipitated 
with ammonia. It is a white gelatinous precipitate^, which naturally, 
when separated on a filter, contains more water than corresponds to 
the formula Al(OH) 3 . By studying the .expansion of an aluminium 
hydroxide gel on freezing, it is possible to distinguish between the 
combined water, and the water contained in the pores of the gel or 
adhering to the sivf^mc of the mass ; researches based on this 
principle appear to show that the composition of the hydroxide 
corresponds approximately to «,Iie formula Al(OH) 3 , but that the 
substance contains a small excess^^f water in solid so^ution.'-^ When 
treated with dilute? sodidm hy(^oiide, the gelatinotifl precipitate is 
‘ slowly copverled to a crystalline variety, in which bar-shaped 
crystals are distinctly visible under the microscope.^ The crystal- 

1 L. H. MiUigan, J. Fhys, Ghem. 26 {192iS), 247. 

® H. W. Foote and B. Saxton, J. Amer. Ghem. Soc. 38 (1916), 688 ; 39 
(19F7), 1103. 

, * F. Goudrisian, Proc. Amat. Acad. 23 (1920), 129 ; Rec. Trav. Ghim. 41 
(1922), 82/ 
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line form, druM a;t 100° C., has the composition AlaOa.SH.O or • 
A1(OH)3.v . ♦ . 

The hydroxide dissolves ii? acids, yielding; aluminiuiA ^Its, and 
also in alkalis giving alumini^ltes. Solutions of aluminates, however,# 
hydrolyse readily, the hydroxjcle being sometimes deposited spon- 
taneously, especially if the solution is exposed to air containing 
carbon dioxide. The hydroxide ^epared by the slow decom|»osi- 
tioii of an aluminate solution is quite different in a^ppeajance from 
that prepared by precipitation of an aluminium salt ^th ammonia, 
being cknse and granular, instead of gelatinous. When dried ^t 
100° C., it has the composition AlgOs-SHgO or Al(OHL/and, unlike 
the dried geL s not hygroscopic.^ When heated it loses part of the 
combihed water at 225-235° C., but dehydration is only complete 
at about 1,000° C. 

The gelatinous form of aTuminium hydroxide readily undergoes 
“ peptization, o colloidal solutions being produced. Dilute acetic 
acid, for instance, appears to dissolve it, yieldij^g a liquid containing 
colloidal particles visible und^r the ultra- microscope ; this solution 
is flocculated by the addition of hydrochloric acid. Concentrated 
ace'lic acid, however, ’dissolves aluminium hydroxide, giving a true 
solution of the acetate.^ Aluminium salts also act as peptizing 
agents ; a colloidal solution is obtained by the action of aluminium 
chloride on the gelatinous hydroxide.^ The peptization is appar- 
ent!/ due to preferential adsorption of aluminium ions, for the 
colloid particles are fo^md to carry a positive charge. When washed 
qOiito iiVG from precipitating electrolytes by means of a centrifuge, 
aluminium hydroxide is capable of being peptized by pure water.^ 

Like beryllium hydroxide, aluminium^hycfroxidc is^quite quickly 
dissolved by mineral acids when fresh ; but, if kept for some time, 
and especially if boiled with water, it becomes densbr and less 
reactive. The diminished *reactivity is duo to the agglomeration 
of the original particles, ancf the consequent diminutitgi of the 
active surface. , 

- Aluminium salts are formed by cbssolvirfg the hvdro^ide, or 
the metal, in the acid I'^quired. The sulphate, Al2(1^4)3, is very 
soluble and fofms se^^eral hydrat^^s. When a solution containing 
potassium sulphate is evaporated mid alkvwed to cool, a double 
salt, “ potash alum,” K.2S04.Al2(S04)3.24Ho0, whi«h is much less 
soluble, crystallizes out in regular octahedra. This is a hiemb^r of 

^ E. Martin, Mon. Scient. 82 ^1^6),* 225. S«e ali^ F. Goudriaan, Proc. 
Amst. Acad. 23 (1920), 129. . 

* W. B. Bentle^fcand R. P. Rose, J. Amer. Chem. Soc. 35 (1913), 149t). 

» H. B. Weiser," J. Phys. Chem. 24 (1920), 506. 

* R. Braddeld, J. Amer. Chem. Soc. 44 (1922)* 966. 
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a lar^^e group of i^omorphous bodies, all of whicli cfystallize in the 
cubic system. Thus, if a solution containing amm^um and 
aluminihln* sulphates , is crystallized, ' ammonia alUm is obtained. 
fMost monovalent elements can replabetthe potfissium, and, on the 
other hand, a large number of other ^ivalent metals can replace the 
aluminium. Examples of a few typic^d alums are given below : — 


'Potash alum . 
Ammbnia hZum 
Caesium . 

Silver alum 
Thalliunl alum 
Chromoflalum . 
Irpn alum 


. K,S04.Al2(S04)3.24H20 

. (NH4) 2SO4. A 1 ,(S04) 3 . 24 HoO 

. Cs2S04.Al2(S04)3.24H20 

. Ag2S04.Al2(S04)3.24H20" 

. Th2S04.Al2(S04)8.ai:H20 

. K2S04.Cr2(S04)3.2^H20 

. K2S04.Fe2(S04)3.24H,0 


All these substances crystallize in oc*tahedra. One alum may bo 
deposited upon crystals of another ; for instance, *an octahedral 
crystal of a colourless alum containing aluminium, if placed in a 
supersaturated solution of chrome alum, will become covered with 
a layer of purple chrome alum in crystalline continuity with the 
colourless alumifiium alum below. ' 

Aluminium nitrate is soluble and somewhat deliquescent. The 
anhydrous chloride, which is, like the chloridei^ of calcium and 
magnesium, extremely hygroscopic, is dilFicult to obtain from the 
I solution ; when evaporated to dr 3 niess, the solution loses hydfogen 
chloride, the oxide being left. Aluminium chloride can, be made by 
passing chlorine over aluminium, or over aluminium oxide inti- 
mately mixed with carbon and heated in a hard -glass tube. It is 
quite volatile, sublimiiig about 190° C. The vapour density above 
750° C. indicates that the simple molecules AlCl/ are present. At 
lower temperatures — at yhich many chlorides would be solid — 
association to AlgCle seems to occur. Bht this fact does noj^ compel 
us to conclude that AlaCle is a more correct formula than AICI3 for 
the chlpride in the solid and the dissolved stsTbe — as many chemists 
still seem to suppose. 

Solutions aluminium salts of powerful acids react acid to 
indicators, indicating that hydrolysis occurs in the solution. This 
shows that alumini\im hydroxide j's a much more feeble base than 
^^the hydroxideg qf the Petals ^of the previous groufi’s. When the 
chlo^de or ^cetate solutions are evaporated, alumina can be 
« obtained ; the oxide is also produced by heating the anhydrous 
sulphate. * V , « 

T^ie fluoride, AIF 3 , fe obtained when the metal is dissolved in 
hy(!rofluoric acid. By evaporation of the solution; and distillation 
6i the re^due in a currerfc of hydrogen, aluminium fluoride sublimes 
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without decoiuVc^ition ; the transparent crystafe collecting in the 
receiver asje foi^nd scarcely to dissolve in water. Various^ doublp 
fluorides are known ; the sodium aluminium fluoride, SjJaF.AlFa, 
occurs in nature as the mineral cryolite. • 

The sulphide, AI2S3, is berjb formed when* aluminium is heated 
with sulphur. Being th^ sltlt of a weak acid and a weak base, 
hydrolysis is to be expected whAi it is treated with waters In 
actual fact, it is found to be decomposed at one^o when water is 
dropped on to it, hydrogen sulphide gas being evolve^l. Aluminium 
sulphide has been proposed as a suitable material from which the 
gas can be generated in the laboratory without the. use of acids. 
But, in praok^e, such a method of obtaining hydrogei^ sulphide has 
proved inconvenient, as the aluminium hydroxide produced hinders • 
the water, after a time, from gaining access *t(f the remaining 
sulphide. 

The nitrid# is formed when aluminium is strongly heated in a 
current of nitrogen. It is usually a grey, amorphous compound, 
which is decomposed by wajev, ammonia being Hbcrated. However, 
if the crude ^litride is heated in a tungsten tube vacuufii fprnace at 
a very high temperature (e.g. 1 ,890° C. ) and at a low pressure — 
conditions which favour the sublimation of the nitride — it is obtained 
in the colder pr.rts of the furnace as “rosettes” of colourless 
hexagonal crystals.^ The technical method of preparation of the 
nitride by the action of nitrogen on a mixture of carbon^ and* 
“bauxite ’•is referred to in the technical section. 

Carbide. At very high temperatures, aluminium combines with 
carbon, yielding a carbide to which tj^e formula AI4C3 has been 
assigned. It is best prepared by heating aluminiurA powder with 
wood charcoal in a crucible. The presence of air is sa^d to play an 
important part in the reg^tion.^ The charcoal mixture is highly 
porous, and naturally include* much oxygen at the commencement 
of the process. Apparently some oxidation of the ca^'bon and 
aluminium is needed t;o produce the intensely high tempercftiire. at 
which the combination of aluminium and carlbon can comg about, 
for the less porous varieties of carbon seem to be less effective. 
The product contains, besides ^.l«minium carbide, both oxide and 
nitride. Alupjinium carbide reacts ^th w/<ter^ producing methane 
(CH4), and a little hydrogen, 

AI4C3 + I2H2O = 4 A 1 ( 0 H )3 + 3CH4. 

Aluminates. Aluminiuia Tiydroxide dissaves readily in a 
solution of sodium or potassium hydro^id^ ; the solution prodijeed 

^ F. Fichter and G. Oesterheld, Zeitsch. ElektrocheJn. 21 *(1915), 60. 

> F. E. Weston and H. R. Ellis, Trana. Faraday Soc. 4 (19(i8), 60. 
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confewns an alummate, such as NaOH.Al(O^H)3*oiJ Na[Al(OH)4], 
iji whicdi alumina seems to function £s an acidip oxMe. It is, 
however'^ a very feeble acid, and the’aluminates jEire muchTiydro- 
•lysed, the solutions being always st^uAgly alkaline towards indi- 
cators. Some chemLits have regarded them as colloidal solutions 
of aluminium hydroxide, the alkali bfing supposed to act merely 
as ar peptizing agent ; but careiul ultra- microscopic study of the 
solution Ims shqwn that if indeed colloid particles exist in the 
solution they ai^e too small for detection with the ultra-microscope.^ 
The fact that when metallic aluminium is gradually added t9 a solu- 
tion of sodium hydroxide, the conduetivity of the solution gradually 
diminishes uptil the atomic ratio A1 : Na becomes equal to unity, 
^ after which the conductivity ceases to decline further, haS been 
regarded, as evidence that a definite aluminate of the composition 
Na[Al(OH)4 ] is produced.^ This compound has never been , isolated 
in the solid state, but from solutions very rich in alkak two separate 
crystalline aluminatef^ have been isolated, which appear to be 
definite compounds. The following fgrjpiuke have been assigned to 
these bocjies'by their discoverer ^ : — • * 

4Na30.3Al2()3.1fiH.j0 (diamond-shaped crystals) 
4Na2O.Al2O3.10H2O (needle-shaped crystals) 

Most of the “ aluminates ” described by early investigators were 
, clearly not chemical individuals at all, but mixtures. 

The aluminates of the heavy metals are ii^;3oluble. They occur 
in nature as the spinel group of minerals, although tficy are no/-, 
very easy to prepare artificially ; the most important is magnesium 
aluminate, c « 

vVnel . . MgO.Al203 orMgAl/J4. 

« 

« 

Analytical 

Alumimum compounds impart no colour Vj the Bunsen flame, 
nor is any single strik^g reaction known which serves to characterize 
aluminirim s^lts in aqueous solution. 

^ R. E. Slade and W. G. Polack, Iprans. Farada-^ Soc. 10 (1914), 150. 

* T. Heyrovek^', Trg^ns. Chem. Soc. ^17 (1920), 1013. actually it is by 
no means easy to obtain sMutions^oontaining more alumii]*l?*m than corre- 
•sponds to the coAipfbund Na[Al(OH) 4 ]. The alkaline solution ceases to act 

upon /)rdinafy ,aluminium as so^n as the atomic ratio Al:Na reaches unity. 
• By the use of amalgamated alumipium, more aluminium hydroxide is brought 
(for the moment at le^st) into solution*; Jbut the liquid produced is unstable 
and tends to deposi^^rystalline alhminiufn hydroxide, the conductivity 
inerj^asing as the hydroxide^ deposited. At 0° C., the liquid is more stable, 
and*the conductivity may be measure^ at that temperature. Compare also 
ihe work of R Grobet, J. Qiim. Phys. 19 (1922), 331. 

* F. Gordriaan, Proc. Amst. Acad. 23 (1920), 129. 
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Nevertheless ^lie deteption of aluminium i/ solution, a^id its 
separation frorp other metlils, does not present any great cVfficultjr. 
Alummium is ncjt precipitated by hydrogen ^ulphide in* aff acidified 
solution, but is precipitAed a^^hydroxido by ammonia in th^ 
presence of ammonium chlopde. These fc^cts servo to separate 
aluminium from most petals, except iron, chromium, the rare 
earths, uranium, beryllium, and a* few other metals, the hydroxides 
of which are precipitated under the same circymstanocs. The 
separation of aluminium from most of the metals meptioned depends 
on the^fact that they have hydroxides which are ufidissolvcd by^io^ 
caustic soda, a reagent which dissolves aluminiym hydroxide 
yielding an^ aluminate. Beryllium hydroxide also dissolves in 
causfic alkali, but is reprecipitated on dilution and prolongedL 
boiling (see page 96). From the clear alumjm^te soluthui, alu- 
minium hydroxide may afterwards be precipitated ])y acidifying 
with hydrochloric acid and once more boiling with ammonia. 

The separation of aluminium from chromi^im by means of sodium 
hydroxide is apt to b^ ^incomplete .and unsatisfactory. For 
(j^omium hydroxide alffo has acidic properties, altlntugh the solu- 
bility in caustic sod*a at 100® C. is very small. Consequently many 
authorities recommend that the chromium should be oxidized 
to the stafe of •chromic acid, after which aluminium can be pre- 
cipitated as hydroxide by the addition of ammonia, whilst chromium 
remains dissolved as ammonium chromate. » 

Although the methods of separation given above represent the 
* standard procedure, circumstances are known in which they become 
very incomplete. For instance, if zinc is present in the solution 
from which aluminium hydroxide il pi%cipitatefj by means of 
ammonia, an I^preciable amount of zinc may be brought down 
along with the alumina ; in such a c%se, it may be ‘better to pre- 
cipitate the aluminium, not by ammonia, but by barium carbonate. 
The solution is placed in a flask, and sodium carbonate is Ridded until 
a turbidity appear? ; a fev* drops of hydrochloric acid ^are then 
added to remove tfie turbidity. The solution is diluted, barium 
carbonate is added, a\d the mixture is shaken and .‘^fcwed to stand. 
The barium car borate keeps the nydrion concentration so low that 
aluminium completely pre(?vpitated as hycjroxide, or as a basic 
salt, but zinc remains in solution^ 

When free from other metals, aluminium is almost always pre- 
cipitated by means of ammonia as tht hydroxide, whi^h is afterwardi 
ignited and weighed as oxide? (AigOg) ; care Just b5 taken that no 
precipitate is lost through spurting whilst the water is being driven 
off. The ignflion can bo conducted in contact with the filter-paper. 

Before leaving the subject, some rerharks must E>e ^made upon 
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the precipitation <\,' gelatinous hy(iroxideg. Upon t]he addition of 
ammonigb to a cold aluminium salt, no precipitate is usually seen at 
fii*st, sin<fO A colloidal solution of the hydroxide is ^obtained, 'which 
j;equires to ho boiled before flocculatfon occurs. Even boiling 
may not cause complete precipitation unless ammonium salts are 
present. If the. liquid is filtered before precipitation is complete, 
hydrpxide may pass through the paper and be lost. Moreover 
gelatinous precipitate may be deposited in the pores of the filter- 
paper, and may 'so choke them that filtration’ becomes a very 
slow operation.’ Even under the best conditions the gelatinous 
hydroxide “'filters slowly,” and is very difficult to wash free from 
soluble salts. But this 'washing must be completef' even when 
,no other metfal is present in the liquid from which precipitation 
takes place. Foj;, if the precipitate contains ammonium chloride 
when it 'is ignited and burnt, there *is a great danger of loss 
of aluminium as the volatile chloride, AICI3. • 

Although the preseqpe of a ccrtahi amount of ammonium salts 
is necessary for the satisfactory precipitation of aluminium hy- 
droxide, the porecipitation from solutions 'containing ufiduly larpe 
quantities' of anAnonium salts presents cbns'idcrable difficulty.^ 
Under these circumstances a form of hydi’oxide is produced on 
boiling, which, although practically insoluble in the filtrate (which 
contains ammonium salts), is capable of peptization by hot wa^er. 
ff such a precipitate is washed with ordinary distilled water, the 
result^' will be inaccurate, and the washing wit! generally be slow 
owing to the redeposition of hydi’oxide in the pores of the filter- 
paper. It is best to wash the hydroxide produced in the presence 
of large quantities of antmofiium salts, with a 1 per cent, solution 
of ammonium nitrate. This solution has no solveilo action on the 
precipitate, alid when the , hydroxide is ignited, the ammonium 
nitrate is driven off completely, no loss of aluminium resultmg. 

Aluminium hydroxide can be brought down in a form which 
settles readily, can be washed by decantation, and presents no 
trouble in filtration, hf sodium thiosulphate is used as* the pre- 
cipitant. ‘ EoirAetails the original paper shoi'ld be consulted.^ 

• * I 

T:Prk;^stbial OcbuR.iENCE 

Aluminium is'oAe of the commoner elements occurring in the 
earth, ‘ Comply silicates containing aluminium have crystallized 
out in all part^, of tl^ igneous maghia. ^^Of these the felspars and 

1 S. L. Penfield and D. N.\HaFper, quoted by Sir W. Crookes, “ Select 
Methods in Chemical Analysis ” (Longmens). *' 

E. Clennell, J. Inst. Met^, 28 (1922). 
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micas, which already been' mentioned in qfnnection wijh the 
alkali metals, are, pefitiapsi the most important. • 

Where Igneofts rocks containing comple^ silicate ihidferals are 
exposed to the iAfluence of^w^athering agents, the minerals undergo* 
alteration. The more basic metlls (sodium, potassium and cal- 
cium) are generally* dissolved out and pass into the rivers. This 
action causes considerable softeniAg of the whole rock-mass, '^yhich 
tends to break up. But the aluminium is not so readily brought 
into solution, and ^ends to remain undissolved as particles of various 
hydratfid aluminium silicates clay particles"'). ’Normally th^ase 
will be carried off in suspension in the running wat^er, but some- 
times they £^e left behind as beds of “'residual clay ” at the 
position of the original igneous rock. * 

Most of the residual clays which are of incjustrial imp'brtance 
appear to have been formdid by the action upon an igneous rock, 
not of meteorv) waters, but of thermal waters and vapours of igneous 
origin. This has evidently been the case i^ Cornwall where old 
granitic rocks, very rich in ^felspar, have become converted into 
the famous deposits of • ^ • 

Kaolin (China-clay) . . Al2O3.2Sib2.2H2O. 

Uncertainty still prevails as to whether kaolin is a definite com- 
pound, although’it has become customary to treat it as such. 

14 is noteworthy that the conversion of felspar to kaolin very 
often occurs in tin-bearing districts ; the ores of tin are also formed ' 
by the interaction of vapours with a granitic rock.^ 

In many cases — and e.specially in tropical climates like India — 
the decay of igneous rocks under the inflyenc^ of weathering agencies 
goes one step |arther, and silica is partially renloved, leaving 
residual deposits rich in aluminium hydroxide. Mo.sb of the red 
earthy rocks known as “ l^terites ” w 6 ro formed in this way (but 
some of*tho deposits so called ve no longer on the site of the igneous 
rocks from which tbf^ were formed, having been moved to their 
present position by tijje agency of running watir). The reci colour 
of laterite iS due to iron hydroxide, derived from th^^amc* igneous 
rocks. Where near^Vll the, silica has been removed, wo get 
bauxite, whi^jh is believed to contain the two' hydrated oxides. 

• ^Jibbsite . ! ♦ . 

and Diaspore .... AID (OH 

together with a great deal of iron hyeVoxide, a?^ a ceHain amount 
of residual silica. In the “ red "bauxites,” iron the ciief impurity, 
and is, of course, the cause of the coldUr. “ White bauxil^s ” 
contain a large fimount of silica. * 

1 Compare W. Lindgren, Trans. Amer. Inst. Min. Eng. 30 (1000), 614. 
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Bauxite, which* is, technically speaking,, the njost important 
qfe of aluminium, is fomid in the tertiary volcanic rocks of the 
north of^lreland, where it is clearly ‘drived fropi the^acid lava, 
vhyolite. It occurs in larger qykntilies in the south of France, 
whilst very important deposits arq found in Arkansas, U.S.A., 
where it seems to be due to the deca/ of, syenites. It is probable 
thatfthe French deposits — and ptssibly some of the American ores 
— are not 4 ;he direct product of the weathering of igneous rocks. 
The French bauxites are found in limestones, and it is thought 
that thermal waters ascending from igneous masses belc^ have 
carried off aluminium compounds in solution, and have afterwards 
reacted with the limes*tones, producing aluminium hydroxide. 
Important deposits of bauxite also occur in British Guiana, Yugo- 
slavia *aqd Rumania. 

A rather exceptional product of the decay of felspathic rock is 
Alunite, or Alumstone. KgSO^.BAl 2(0 ft 14804, 

which has already been mentioned in tl^e section on potassium. It 
is found ^ cCrtain regions in Italy, Hungary and the Ufiited States, 
being apparently produced through the weathering of silicate 
minerals containing aluminium and potassium, by waters contain- 
ing sulphurous or sulphuric acid ; the acids may* be derived from 
the oxidation of minerals like p3n’itcs, or may conceivably b^ of 
volcanic origin. 

In spite of the commercial importance of th(f “ residual ” deposits 
of aluminium compounds, they are formed only under rather 
exceptional conditions. The greater part of the aluminium silicate 
produced wher. the sodfum,* potassium and calcium are leached out 
of igneous rocks by water, is carried off, as fine Clay particles, in 
mechanical suspension (some authorities would say, in colloidal 
solution). The clay particles pass iqto the rivers and so Qut into 
the sea, where they are dropped on to the bottom, forming fine 
mud, sf)me little vjay out from tht) coast. A good many salts 
(notably potassium ^alts) are adsorbed from the sea-water by the 
clay beJoro ftr settles ; in faef^ this adso/ption is probably the 
immediate cause of^the settling. In such a? way, “ secondary 
clays ” are forme^L \ater, ^uring the process oi^ consolidation 
*9f the clay-mu«L into mu&stone or shale, the silicates lose water and 
variojis mftiqralogical changes usually take place in the mass. 

• Kaolin tend^ to d^appear, mnd , mica (in microscopic particles) 
takes its place. S^eti|nes, oWin^ tfe great pressure caused by 
eartjb -movements, the rock 'comes to be converted to a slate; 
the pressure^causQs the mineral particles to arrange themselves with 
tteir longer axes in the direction perpendicular to the direction 
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of the pressur^, And the rock assumes a “ slaty ileavage ” recalling 
the cleavage 6 i crysiys,\-|lthough due to a rather different ‘cause. 
Finally, vlhen the mineralggical changes caused by heatni:ri pressure 
become so marked that Hales of nuca can bo recognized by th^ 
naked eye, the rock is called a mfca schist. 

Clays of sedimentary origin-even when* comparatively recent 
and therefore still soft — are naturally more variable in composition 
(containing many other substances besides kaolinite) th^n the* clays 
of residual origin*. * 

A fQfv more important aluminium minerals musf be mentioned. 
In certain igneous rocks, and especially near the ed^e of the^in- 
trusive mas.‘ es, we find the oxide • 

• 

Corundum . . . . ALOa 

» 

and the magnesium alumiiftite * 

VSpinel . ^ . . . MgC-AUQ^. 

* 

The crystallization of the fr^e oxide, AI2O3, is only to be expected 
where the igneous magma is unusually weak in silita. It is not 
surprising to find tha^ corundum occurs especially where igneous 
rocks are in contact with limestone, the magma having, no doubt, 
become rclAtive\y weak in silica through interaction with the lime. 
For instance, in the Haliburton district of Ontario, there is evidence 
of such interaction ; for the granitic rocks become abnormally lo\v 
in silica where they*come in contact with limestone, often passing 
gradually into nephclinc-syenites. It is significant that the rocks of 
the same district contain an important quantity of corundum.^ 

The choicer specimens of corunduAi ahd spinel^ are valued as 
gemstones * re^ varieties of corundum are known as “ ruby,” and 
blue varieties as “ sapphire.” A common smoky-ljlack impure 
variety, which usually cc^ntains magnetite, is known as “ emery ” 
and forms a valuable abrasive. Many beds of eme^ are not 
of igneous origin, ifaving cVjarly been derived from bauxite by 
dehydrati<in. * * * 

An important mii\pral occurring in Greenlanch;>fs tRe double 
fluoride, » 

,V>'ryolite N^aAlFg. 

It is a transparent mineral resembling ice (hence tlie* najne : xQVog == 
frost, hOog ~ stone). It occurs in^'k large bed in It granitic veii\ 
penetrating gneiss. 

^ F. D. Adam* and A. E. Barlow, ,C7orta(iian Qeol. Surv,, Mem. 6 (19lCI^, 227. 
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Metallurgy, technology’' and uses 

Manufacture of Metal|fc| Aluminium ^ 

Practically the whole of the aluminium metal now manufactured 
is derived from .bauxite, although rectnt attempts to use felspar 
in N(jfway ^ and clay in Germany ^ are of great interest. Since 
bauxite coiitain^, besides oxide of aluminium (alumina), oxides of 
iron and usualljr silica, besides minor impurities,* the metallurgical 

process can be divided into two stages : % 

( 

I. The preparation of pure alumina from bauxite. 

II. The aJcctrol 5 rtic produetion of metallic aluminium. , 

I. Prepa<ration of Pure Alumina. The need for abso- 
lutely pure alumina is made imperative by the fact that aluminium 
in the metallic state cannot be refined ; hence the UYiterials used 
for its preparation m^jst be free from reducible impurities. The 
removal of iron is especially important because aluminium con- 
taining much* iron is apt to be brittle. ^Iwo methods ffrc used for 
obtaining pure aflimina : — ' * 

(а) Bayer’s Process, suitable for the so-called “ red bauxite,” 

in which iron is the chief impurity. • 

(б) Serpek’s Process, suitable for “ white bauxite,” wh^eh 

• ^ contains a great deal of silica. 

(a) Bayer’s Process depends on the solubility of aluminium, 
oxide in caustic alkali. The ore is finely ground, calcined and again 
ground ; it is then treaty with strong caustic soda (specific gravity 
1-45) in an auf)clavc at 150° C. for some hours. jJThe aluminium 
oxide is dissolved, forming sodium aluminate, whilst the iron, 
under these conditions, reidh-ins as insoluble oxide. The solution 
is run out of the autoclave, and diluted considerably, th^ iron 
oxide and •other insoluble matter being filtered off. The diluted 
solution* is now agitated in an autoclave, • and slowly suffers 
hydrolysifi, alj^iina being precipitated ; a small quan^lty of the 
precipitate from a previous run is f^cti^ally adae(J in order to provide 
nuclei for the process, but nevefltljeless the hydrolysis requires 
thirty-six hours. At*th^end oi that period, 70 peAient. of the 
atumiria has bee A precipitated, and is removed by means of a filtei- 
press, <lried, fpid calcined, yielding anhydrous aluminium oxide. 

f * • 

^ See J. T. PattisonV* Aliynmium ’* (l^o^, 1918) ; J. Escard, " L’Alu- 
minium dans I’lndustric^’ (D^nod & Pinat) ; G. Mortimer, “ Aluminium ” 
(Pitmih, 1919). 

* See J. Inst^Met. 21 (1919), 466. 

^ Board o/^ Trade J., Jan. 17, 1918 
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The caustic s(}da* Solution^ still containing some j^uminate, is evapo- 
rated under re'duced press^gre until the specific gravity is opce more 
1 -45, wheA it c^ be used foi>extracting fresh bauxite. •Tbis proce*ss 
is not very suitable for bauxite containing much silica, because 
much aluminium is liable to be precipitated in the soda solution as 
an insoluble sodium alumi«ium silicate, and will, then be filtered 
off along with the iron. 

(6) Serpek’s Process is considered especially suitable for 
highly siliceous bauxite, although considerable difficulties have been 
met with in putting it into operation ; the method has one gr^at 
advantage, namely that it produces not only alumina, but also 
ammonia. Serpek’s process depends on the fact that bauxite, 
heate*d with carbon at about 1,800° C. in a current of nitrogenf 
gives aluminium nitride, 

AUO 3 + 3C + No - 2A1N + 300. 

The silicon is also reduced to ^he elementary! state, and being vola- 
tile at the temperature in (question, passes away. 

^The process is conveniently carried out in slo Aly revolving 
cylindrical kilns, siifiilar to those used in the cement industry ; but 
owing to the high temperature needed for the formation of the 
nitride, thd heating is accomplished electrically. The nitride can 
afterwards be decomposed by water with the production of am- 
monia and alumina, 

AlfT + 3Hsp - A1(0H)3 + NH„ 
but actually it is quicker to dissolve it in caustic soda, and to 
recover the alumina by hydi’olysis of the sgdium aluminato formed, 
as in Bayer’s process. * 

It is noteworthy that Sorpek’s process works bette*’ with impure 
bauxite than with a puremiineral. One of the impurities, probably 
iron, 86 rves as a catalyst for the reaction. 

11. The Electrolytic Production of Aluminium. When pure 
alumina hiPis been obtained, the next step ii to reduce. ii to* the 
metallic state. This ^ invariably accomplished byi.f^ie electrolysis 
of a solution of alurAina in fused ci:yolite, Na3,41Fe (a mineral which 
itself contaiiU aluminium). TAe furnace^ (Fig. 16) in which the 
electrolysis l^^arried out consists ol an iron tank^ usually lined with 
refractory material having a low conductivity for heat^ and having 
an inner lining of carbon. The be<J* of carbon, C, iit the Bottom! 
serves as the cathode, whilst* the carbon t/ocks, 'A, which are 
suspended from above, and are ‘capable if bding raised or lowered, 
constitute tho anodes. • '' 

Cryolite, when pure, mel£s at 1,000°*C., but* the •melting-pokit 
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is somewhat reduJUd. by the presence of alumfila.^^ The electric 
current Jias to perform a double functif)n. 'Firstly* it maintains 
tRe temperature high enough to keep the* bath fused* andf secondly, 
;t causes the electrolytic decompoi^tiin of the* alumina. The 
immediate products of decomposition are molten aluminium at the 
cathode, and oxygen at the anode. ‘ ’Aiiuminiura is a little heavier 
than ^the fused bath, and therefore collects at the bottom. In 
some places th^ ^ furnaces are periodically tapped, the molten 
aluminium bein^ run off through the hole T in the 'base into moulds ; 
at other works, it is customary to remove the molten metal b^wneans 
of ladles introduced into the bath from above, one of the anodes 
being usually raised out of the way during tlie ladling process. 

, The oxygerf produced at the anode attacks the carbon Of the 
electrodes^ yieldiig ^ carbon monoxide and carbon dioxide. The 



f • 
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Fig. 10. — Kloctrolytic Protluction of AluminTum. 

9 

proportion of the gases depends on the terajicrature. There is mere 
carbon monoxide (and less carbon diofide and oxygen) in the gases 
coming off at 1,055° C. than at 945° C.,: it follows that the electrode 
consumption will be at the lower temperature.^ Wlyitever the 
temperature, Jigwever, the electrodes will cj'rtainly be consumed 
very rapidly, and a Jactory for ^iroducing electrodes is therefore 
usually established close to each Skrainium works, f Seeing that 
aluminium — as statSSl a\ove — #annot be refined, iff is essential 
t& avoid inVoduefion of impurities in the electrodes. They are 
[isualiy made <f a special petrdjeum coke having a low ash-content.* 
As electrolytis pr«^eds, the diysolive^ alumina becomes partly 
used up, and fresh alumina^u^t be added from time to time. Should 

1 R. Seligmar^, J. Inst. Met. 17 fl9,l7), 141. * 

* Wj Roaenhain, J. itoy, Soc. Arts, 68 (1920), 793. 
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the bath become exhausted in oxide, '^fluorine wi^J^e evolved instead 
of oxygen ; even in ftormp^l working, a little fluorine is l(j8t,' and 
alumiinum^fluoHde is added, occasionally to make up k>r Ahe loss'. 

It is a commoA practice' to ikeep tlio surface of the bath covered^, 
with powdered coke, so as to redube the loss of heat by radiation. 

As a rule, at an aluminiuip Vorks, 30-50 furnaces will be joined 
in series, and about 6 to '? volts is'>allowed for each furnace, so that 
the E.M.F. applied to the series is of the order of 200-350 volts. 
The current required will vary with the size of the furnace, but is 
usually^large. One American installation was designed to send 
20,000 amperes through each cell,^ whilst a German’ plant near 
Cologne started during the war was designed for 14,500 amperes . 2 
The Qwrrent eOiciency is usually fairly high, considering what a^ 
reactive metal is being prepared. At one Ameri^jan work« 90-95 
per cent, is said to be obta-kied, but, at some Eiiropean Works, the 
yield correspqpds to a current efliciency of under 70 per cent. Since, 
however, the P.D. applied to tuich cell is neiiij'ly 7 volts, instead of 
the theoretical 2-8 volts, the energy efficiency is much lower, com- 
monly 25-40 per cent. , ■ o 

In view of the large- amount of electric energy needed for the 
smelting of aluminium, the industry is mainly restricted to districts 
furnished with w^ter-power. The alumina prepared from the Irish 
bauxite, for instance, is electrolysed at a works near the Falls of 
Fo^er in Scotland. The centre of the world’s aluminium industry^ 
was formerly France ^lOn account of the rich bauxite deposits o>that 
‘Country ; but at present the American works (mostly situated at 
Niagara) supply the greater part of the world’s requirements.^ 
Several German works were started tUiriiiig the war, which were 
dependent on coal or lignite for power, but it is doubtful whether 
manufacture based upon ])ower produced in that way can prove 
renay-nerativc under norrwal conditions.’ Much aluminium is in 
normal times produced in Switzerland. 

Uses of Aluminihm and»the Light Alloys. The properties 
of aluminium which determine its practical employment U;re 
b V v> ' 

(1) Its lightness ; 

(2) its qjiemical reactivity -'and affinity for oxygen at high 

teijjperaturcs ; and" , / ’• 

(3) its pow^ to withstand corrosion and rbtain ^ts lustre iif 

air at low temperatures. > ^ 

’ J. W. Richards, Min. Ind. 23 (1914), 18. 

* A. J. Allmar^ and E. R. Williams, J. Soc. them. Ind. 38 (1919), 3\98b. 

3 J. W. Richards, Ghem. J^n^. 17 (1917J, 269. , 

« J. Soc. Ghem. Ind. 39 (1920), 136b; 40 (1921), 380e. 
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With regard to^l^he first propeAy, it is t|ie hghtest of all the 
metals i(x daily use, and this would at once suggest its use in aero- 
plane-buMhig, and for other purposes where weight l^iustfie reduced 
<io a minimum. But, ior all construclioAal work, the total weight of 
metal needed is determined not merely by the specific gravity but 
also by the strength , since clearly, if the material is a weak one, stouter 
piecej will have to bo employed.® Now, although pure aluminium 
is by no m^ans ^he weakest of metals, its strength can be increased 
greatly by alloying certain other metals with it,” and consequently 
alqminium alloys are generally used in the place of pure ali|«iinium 
where a miniipum weight is required. 

Some of the light alloys advocated before and during the war 
,werc not founU to fulfil the claims of their supporters. As a matter 
of fact, many me/.als, when added to aluminium, although strength- 
ening it considerably, reduce the ductilfey unduly. An important 
exception is zinc, which when added in any proportion up to about 
18 per cent, forms an f^lloy consisting (if slowly cooled or annealed 
so as to obtain equilibrium conditioi^s) of a single homogeneous 
solid solutiom^ It has been stated that^an alloy with 13 per cent, 
zinc has a* ductility (as measured by the eloiigation) nearly as great 
as that of pure aluminium, whilst it has about twice the strength 
of the pure metal.^ Small amounts of copper are*also 'added with 
advantage to the alloys of zinc and aluminium ; it increases the 
tenacity and rigidity. 

Th6 earlier German Zeppelins were built erf a light fflloy with 
a strength only slightly inferior to that of mild steel ; later, alloys * 
were used, in this country, for the construction of aeroplanes with 
a very much greater strength. The following alloys have been 
recommended by the workers at the National Physical Labora- 
tory ^ ' 

For castings, A1 12-15%, Cu 2|% • 

For* rolling, A1 77%, Zn 20%,, Cu 3% 

The’adition of smalls quantities of magnesiufh (0*5 pej' cent.) to 
some of f5ieso«^loys has been found advantageous. 

Many of the alumiryum alloys cbnt&ining zinct—although possess- 
ing very valuable m^h^^nical pro^ffties — are somewhat liable to 
corrosion ; moreover they lose tfieir strength at high temperatures, 
jiuch work has been carried out in the investigation of classes of 

* ^ For equilibrium dirf^ram see £/. Haason and M. L. V. Gayler, J. Inst. 
Met. (1922). Coinpare^. Rosenhain d'nd*S.fL. Archbutt, Phil. Trans. 211 
[A] (1911), 316; 0. Bauer aqfl O, Vogd, Mitt. Kgl. Mat. Prufungsamt, 33 
(1916)^ 146. , 

* H. Sohirmeister, l^tahl u. Eisen^ 25 (1916), 660. 

• W. Rosenhain, J. Roy. Soc. Arts, 68 (1920), 806, 819. 
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light alloys which* are not opon; to'tnese objections. Alloys of 
aluminium with* copper, oi*^ wijtii copper and lAckel, have §iven 
results ‘in p^me' respects pp^ramg. Copper produce» a^|reatef 
effect on aluminiftm than dock’ zimc, d per cbnt. of copper having , 
a hardening action equal to that of *13 i)er cent, of zinc ; but copper 
produces a considerable decrt^Ae'in the ductility.^ Pne of the best- 
known light alloys is calle*d “ duraiumin ” ; it contains 4 per cent, 
copper, 0*5 per cent, magnesium and 0-5 per cent. ^manganese. 

A large class of tight alloys are those containing magnesium as 
an important constituent. The addition of magnesium (up to 19 
per cent.) to aluminium increases the hardness and tensile strengtii 
without seriously affecting the ductility.^ One of the earliest 
of theelight materials to be introduced (“ magnalium^’) consisted 
essentially of magnesium and aluminium. 8impl^ binary* alloys 
of this character are no longer in favour, but •alloys cemtaining 
aluminium and magnesium along with other elements, such as 
silicon, copper or nickel, have their supi>orters. A material known 
as “ Y-alloy,” containing 4 per cent, copper, z per cent, nickel and 
\\ per cent, ^nagnesium, received special commendation. ^ 

^ Certain alloys of aluminium, notably those contaihing magnesium 
and silicon, have the property of “ age -hardening ” ; when 
quenched these alloys are soft, but become hard after being stored 
for a few days.^ The cause of age-hardening appears to be con- 
nected with the separation of very small particles of some hard 
constituent ^within thewgrains of solid solution of which the mattrial 
ki composed. It may happen that the rapid cooling may render 
the solid solution supersaturated with regard to one constituent. 
During the quenching, there is no timcifoi^tho constituent to be 
thrown out as separate phase, but when the allof is stored at 
ordinary temperature, this constituent is precipitated as a very 
large number of minute patticlcs, probably of colloidal size. If the 
constituent precipitated is itsdlf fairly hard, the presence of these 
particles greatly inter^res witj^ the deformation of the Aaterial ; 
for the presence of a 4iard particle on any piaffe along wly^ sHp 
might occur in a homog|neous crystal, necessarily prey^ffs the two 
halves of the crystaUfrom gliding^bvcr one another. Now if the 
particles prod’jced are very snjall and thej^efore very numerous, 
nearly all platies of possible gliding will be •obsfi’Ucted in this wayj 

■'•Ik 

1 M. Waehlert, Met. u. Erz. 18 (1921), m. 

* See curves given by Hanszel, Zeifsch. Meiallkun4e 13 (W21), 3l9. 

* W. Rosenhain, S. L. Archbntt ftiid'D. Hanaon, Enf^ineeriifgf 112 (1921), 

613. 644. • . *4 

* JJ. Hanson and M. L. V. Gayler, J. Inat.*Me1* 2b (1921), 321 ; 27 (1J«2), 

267; Z. Jeffries afid R. S. Archer, Met. Chem. Eng. 24 (1921), 1057; 26 
(1922), 249. ^ f . . 
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and consequentljjf the hardness and strength of the material will 
incre8^e with age. ' It is noteworthy tl^t if the vety small particles 
*’afterwprd^ coalesce to form a smaller, pumber of large particles, the 
interference with gliding will decrmse) since a smaller number of 
possible gliding-planes will be ^'obstructed ; this occurs in certain 
alloys of aluminium and zinc, in whiGl^the hardness increases quickly 
after quenching, and then falls' again. 

^he composition of the small hard particles which appear during 
age-haideninfe ” varies in different cases. The hardening of alloys 
vdth magnesium and silicon is due to the appearance of ^the com- 
pound MgJSi, whilst that of duralumin seems to be connected with 
CuAlg. Both compounds are much more soluble at 500° C. than 
at lower temperatures, and thus the precipitation of the substances 
in the quenchejl alloys on storage is not surprising. 

The light aluminium alloys are used 'to a very considerable extent 
in automobile construction. In America the standard alloy for 
motor castings is said to be a binary alloy composed of 
A1 92o/„ Cm 8%, 

whilst in this country an alloy containing zinc as Veil as coppf^r, 
Al 87-90%, Zn 8-10%, Ci/2-3% 
is preferred.^ In general, wherever there is ireqixint stopping 
and starting of any object, a saving of energy wiU be effected by 
making that object as light as possible.^ It needs, for instance, 
less' energy to start an electric train with the metallic, parts made 
of an aluminium alloy than a similar train in which steel is employed. 
For a similar reason, the employment of aluminium alloys in the 
construction of bicy-^les ‘ and other road vehicles, agricultural 
machines, artificial limbs, the moving parts of p sewing-machines 
and simila; objects, is perfectly rational. In the case of fixed 
objects, however, the use of aluminium is less justifiable. A bridge 
constructed of aluminium alloy could — it is true — have spans about 
three times as long as a similar bridge of steel, owing to the lightness 
of the former material ; but, in spite of that fact, the steel bridge 
will almos"^ certainly be cheaper, and i^robably more reliable ; 
there is no advantfige in usin^’aluminium fer such purposes. 

Another use of aluminium iS do replsice coppqr for electrical 
’purposes, especially ioc transmission lines and fc3p telegraph and 
telephone ^wires.^ Here pure aluminium is generally employed. 
The’Specifictconductivity di^aluminium is less than that of copper, 

t , 

1 E. a Hill, Mec/i. ngor(W, 68 (1920), 169. 

^ oW. Rosenhain, J. Soc. Chem. Ind. 37 (1918), 340e. 

^ E. V. l^annel^ J. Amer. lunt. Met. 9 (1915), 107 ; Wunder, Zeitsch. 
Metallkunde, 13 (1921), 179. 
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and consequent!}^ a* stouter conductor is required nevertheless^ on 
account of the low specific Jp'avity of the aluminium, the i^eight 
of aluminiun^ deAianded for line of given conductivity k only * 
half the weight of 'copper. (3oiisequently the cost of the material 
for a line constructed of aluminium \^ll be less than a line of copper 
of equal resistance, whenever ^Ae* price of aluminium is less than 
double the price of copper. On the other hand, aluminium Jjas 
certain practical disadvantages. The making of joiiy:s is iar more 
difficult with aluminium than with copper. Furthefqiore, there is 
— in alur^jnium — a distinct danger of corrosion, especially at the. 
joints, where corrosion couples may be set up. , ‘ 

There is a considerable future for alummium in the electrical 
industry, in spite of the comparative difficulty in making good con- 
tacts between aluminium conductors. Aluminium ^ire has* been 
used extensively for winding coils. On accounts of its lightness 
it is specially siptable for winding the moving coils of dynamos and 
motors.^ For the fixed coils, there is less adv^antage in using the 
light metal. , 

The a])plicn«tions of alumiAium depending on its chemical pro- 
perties need only shortly* be referred to. Chiefly Ai the ft)rm of 
dust, it is often used instead of zinc, in metallurgy, for precipitating 
gold and silver f i oip cyanide solutions. It is also used very largely 
as a deoxidizer for steel and other metals, being added to the metal 
previous to casting, in order to combine with the oxygen which 
would otherjvise cause •intergranular weakness. • 

•Advantage of the affinity of aluminium for oxygen is also taken 
in the thermite welding of steel, especially useful for tramway- 
rails ; a mixture of aluminium powder And •iron oxide contained 
in a funnel-shapcct crucible lined with magnesia, is allowed to react 
according to the equation, ^ 

2A1 + Fc'oOg^^ Al^Oa -f 2Fe. 

The reaction is started J)y means of a stick of magnesium A^hich is 
pushed into mixture and lit by a match. The gptat heat geqetated 
by the reaction serves to rmse the temperature far above t]je melting- 
point of iron, and the |j(ierallic irvn jft^oduced by the reaction is in a 
very fluid state. When the whol^^ inaterial Is molten, a plug at the 
bottom of the tijlcible is withdrawal, f^id the*mollen iron is allowed * 
to flow round the j unction of the rails or bars to be it^eftledt together, 
the junction having previously been surrounded by a rjould of* re- 
fractory earth, which serves to reiahj the molten it on in position and 
to retard the cooling; when* the. whole has iolidified, a .strong 
join is obtained. , 

^ Compare P. Askenasy, Zeitach. Elektrochem. 22 (1916), 294.^ 
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A similar reac^tion is sometimes used for the ’pi^paration of such 
metals as chromium and manganese^*froni their* oxides. 

Thev, intense heat of oxidation of ^aluminium •^has^been used in 
explosive mixtures.* Ammonal, fqr instance, contains aluminium 
powder, ammonium nitrate ahd a high explosive such as trinitro- 
toluol. WhepL the' mixture exp'ic^s, the aluminium is oxidized 
by the ammonium nitrate, and the temjperature becomes very high. 
Ammonal is essentially a heat-producing explosive. 

Seeing that*- there are so many uses of aluminium which depend 
on its alHnity for oxygen, the applications which are l^sed upon 
the alleged non-corroding nature of the metal require to be carefully 
considered. As already stated, the non-corroding character of 
aluminium^ is connected with the oxide film upon the surface, 
and ki therefoi^e less to be relied on than if it were a specific property 
of the’ metal itirjlf. The metal may prove perfectly immune to 
corrosion for a time, and then suddenly fail owin^ to some appar- 
ently trifling altera^on of the conditions. For instance, aluminium 
has been largely used in German breweries as a material for various 
large vessels employed in brewing, and {las normally proved entirely 
satisfactory. 'But, at one brewery, a sinrall. thermometer happe^ned 
to get broken, and a few drops of mercury came in contact with 
the metal. Failure quickly followed. ^ «. 

Aluminium vessels are used with success in industrial organic 
chemistry, especially in the manufacture of glue, gelatine, and vari- 
ous organic acids. One advantage over other metals is that even 
if slight corrosion does occur, the salts of aluminium are both colour- 
less and non-poisonous, and do not spoil the products. For the 
same reason, the use of # aluminium vessels in cookery has proved 
satisfactory^, although aluminium is by no me»ns unattacked by 
vegetable ‘juices, which have usually an alkaline reaction. 

The point to ensure, however, is tPiat the corrosion which does 
occur shall be of a uniform chariiteter and spread ovci^ the whole 
surface. If pitting occurs, an aluminium vessel may quickly be 
perforated even t^iuugh the total amount of metal oxidized is small. 
It is foum’ that cold- worked alurainiumY-probably owing to varia- 
tions of the potential at difleifenh parts of %he surface — is corroded 
in a particularly objectionable \niinner, local bulgmg and blistering 
of the surface being produce^J.^ ’ The bulging is prplmbly due in part 
to the internal stresses always present in cold^rolled metals, which 
stresses cejise to balance *one another when the outer layer of the 
metal has» been removed by oirr^jsion ; the deterioration of cold- 
worked metal due<io tjjis cause has already been discussed in Volume 
f,' Chapter II. It is certainly found that coldxworked aluminium 
* » K. rfeyn, J. Inst. *Met. 12 (1914), 26. 
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articles, if properly* aiyiealed so as to remove internal streij^es, 
generally corrode in a uniforni and comparative^ harmless ma^er.^ ^ 
There m*ay, However, be oth^ ‘causes for the |;>listering and pitting 
of aluminium sheet. It occastonaljy 'occurs even in thoroughly 
annealed aluminium, and seems ^ then to be ponnQctcd with the 
presence of minute §as-cavitiBs with which aluminium sheet is 
usually permeated. If water or Solution gains access to tl^se 
cavities, the formation of aluminium hydroxide may oceur, and, 
as this is more voluniinous than metallic aluminium, ff^cal expansion 
and blist^i^ing must occur.^ Moreover, the presence of thf corrosion 
product — in any form other than that of a waterpioof coating 
extending over the whole surface — appears* actually to be favour- 
able to corrosion, for the reasons suggested in Chapter XlV (Vol. I). 
Therefore, when once corrosion has fairly started on*the sit-c bf one 
of these gas-cavities, it continues to bore down into the mefal until 
the sheet becomes perforated. 

It should be mentioned that* the corrosion of aluminium can 
largely be avoided by treatmwit with a suitable paint or varnish, 
♦^rherc are ^veral other problems to be overcomg in* connection 
with the general employment of aluminium, mostly causeef by the 
existence of the oxide-film. It is somewhat difficult to solder 
aluminium, al no fiux is known which will dissolve away the oxide 
in ar^ entirely .satisfactory manner, and thus allow good mechanical 
continuity at the joint. In practice, it is necessary to remove the 
oxide-skin by abrasio*li.^ Even when the soldering has been 
satisfactorily performed, and the article is put to use, the contact 
of the solder with the aluminium is liable to set up a “ corrosion 
couple.” The welding of aluminium has ilso Prescnted^difficulty , on 
account of the presence of the oxide-film, although devices are known 
by which this difficulty can, in many cas«s, be overcomt^^ 

Similarly, it is very difficult to deposit an adherent coating of 
another metal- nickel for instance upon aluminium by> electro- 
lysis, although a good* method* of nickel-plating upon alumjniuni 
would overcome many of the corrosion troubibs whicli hate been 
described above. Methids by which the surface is ti^ated with 
hydrochloric acid, pofassium cyamde, or q^her corrosive substance 

^ E. Heyn Bauer, Mitt. Kgl. Mmt. Prujkingsdhnt, 29 (1911), 2. 

^ R. Seligman aUv’^P. Williams, J. Inst. Met. 23 (192())f 15J|, especially 
p. 168. The further views developed by tlj^se writers who tlunk that the 
cavities act mainly through retaining hydrogen poro3^de — wl|ich is at* once 
the product of corrosion and the prcfndter oi it — are not altogfi^her free from 
possible objections ; however, tire paper deserves eyeful study. 

® E. Andrews, Amer. MachiniaU 54 (1921)| ICIe. * • 

* C. E. Skinner and L. W. Chubb, T^ans. Amer. Klectrochem. Soc. 26 (1914), 
149. See also Chem. Zeit. 83 (19W), 886. Also*.!. Esceft-d, “ L’Aluminium. 
dans ITndustrie " (Dunod and Pinot), 1918). 
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jus{ before nickel-plating, have been described, Ijut are not con- 
sidered entirely satifcfactory ; more re^iently ferric chloride has been 
advocated for the preparation of th*^ aluminium, kb is probable 
that the main function of -the'- corrosive substance is to produce 
pitting on the aluminium surface, and that the nickel deposit thus 
“ interlocks ” r with the aluminiunv’ This being the case, it is 
natural to consider whether the pitting could not be produced more 
conveniently by mechanical means. Recently a process ^ has been 
worked out which the aluminium is first foughened by means 
,of a high-preSsure sand-blast, a rather fine variety of »5,nd being 
used. Afterwards it is nickel-plated in an ordinary plating bath, 
and good adhesion is said to be obtained. 

It has been stated above that the oxide-film upon alu*fninium 
occasionally makes it rather difficult to obtain a thoroughly good 
electrical contacts with that metal. Advantage is sometimes taken 
of this fact to obtain an insulating layer on ah i minium wire. 
The wire can be corered with a film of considerable resistance by 
anodic treatment in a solution containing borax or sodium silicate, 
a high vohiage (200-«400 volts) being •‘applied to the bath. T-h® 
character of the film produced upon the altirriinium wire has already 
been discussed in the section on valve-action (Vol. I, page 389). 
Aluminium wire treated in this way can be used, Without further 
covering, for winding coils in which insulated wire would usually 
bo employed. The film will withstand voltages up to about 200 
vofts without appreciable electrical leakage at low temperatures.^ 
The insulation is apt to break down if the wire becomes unduly hcTb. 

The light alloys in which aluminium is the main constituent 
have alread^v been discilSsed. Another important alloy of alu- 
minium, namely aluminium bronze, which coifiains only about 
10 per cent: of aluminiuirj and about 90 per cent, of copper, will be 
discussed in the section dealing with copper (Vol. IV). 

Aluivinium Leaf and Powder. Aluminium is to a consider- 
able /extent converted to the foriii of fine leaf, which is largely 
employed for the Wapping of chocolate. It is alto reduced to 
powder, which finds applicatioij^both as a ^pigment and —as already 
stated— as a chemical reagent. Aluminium bronze powder is also 
-a useful pigment},.* Various methods are used fQ< j)reparing the 
powder.^ Where it is intended for employmenJ..-jS a pigment, it is 
best to start with aluminiiim in the form of leaf or paper, which 

' ! ' ' 

^ L. Guillot and M. Gasnier, Gompies* lit nd. 170 (1920), 1253. For a new 
chemical’raethod of tr^&tmpnt, f«ee A."Mazuir, Ann. Ghim. Anal. 2 (1920), 335. 

C. E. Skinner and L. W. Chubb, Trans. Amer. Electrofhem. Soc. 26 (1914), 
137. . c 

« Mech. World, 60 (1916), 29. 
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receives commirfufion in a special foiln of stamp' mill. This pro- 
duces microscopic flak4 wh)^ch are very much^thftiner in one direc- 
tion than ir^the'others. It necessary to add wax or «tej[.hne tcf 
the mixture to prevent the ^vtides from wielding together. The ^ 
aluminium powder then passes throligh a special polishing machine, 
where the surfaces of ‘the flakeg IwJquire a high ^olish:^ The polishing 
operation is somewhat dangerous, i)ecause the fine dust, when sus- 
pended in air, forms an explosive mixture, and several seftous 
explosions have oc^nirred at the mills through the ignition of such 
mixtureji^ probably by an electric spark from the m4chinery. The 
danger is certainly increased by the presence of moisture in the air, 
and of carbide in the metal ; for moisture* acts on pure aluminium 
producing hydrogen, whilst if carbide is present, it is«ittacked yet 
more rapidly, hydrocarbons being evolved.^ 

Aluminium paint has proved excellent for protecting iron- work 
from rust. Owing to the high coefficient of expansion of aluminium, 
the paint does not crack wherw the iron-work becomes hot, as do 
paints containing non-metalljc pigments. 


Manufacture and Uses of Aluminium Compounds 

In addition to the use of bauxite as an ore of aluminium, a certain 
ameunt is used as a refractory for the lining of furnaces. A larger 
quantity is used in the manufacture of aluminium salts. Pure* 
^aluminiunf salts can* be prepared from the purified alumina* ob- 
tained from bauxite by the methods which have already been dis- 
cussed. Another useful source of the soluble salts is the mineral 

^yunite . K,S04.3(A10)2S04.6H.p, 

a basic sulphate which is soluble in sulphuric acid. aThe solution 
on crystallization yields * potash alum, K2S04.Al2(S04)3.24H20, 
which, Toeing less soluble thdn most of the aluminium salts, can 
readily bo purified by recryst^Uization. An alternative fnethod of 
treating alupite now ftsed in America consists iif roasting tfiphaineral 
so as to drive off part^f the sulphur trioxide, followed by* leaching 
with water ; potassrtim sulphate ^sses into sojution, whilst alumina 
remains undi^olved.^ 

Aluminiufh* sulphate is largely made by* treating china clay with 
hot strong sulphutic acid. An impure variety of *alum was formerly 
produced from the so-called “ alum ^ales,” and thii industry still, 
survives to a small exten^. %itkim shales are bituminous shales 

• • * , 

* See U.S. Bur. Mines, Technical Papdt IB2 (1918) ; R. J. Zink, Ohem» 
Zeit. 35 (1911), f370. 

» J, Soc. Chem. Ind, 40 (1921)* 407b. 
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containing iron pjp’ites (FeSg). 63^ weathering br‘ gentle roasting, 
the l&ulphur can ne *oxidized to triox^de, which decomposes the 
silicate, yielding the sulphate. The dxid^Fiied product 
is leached with watei*^, and by addhag potassiurri sulphate or am- 
monium sulphate to the product, an alum is obtained ; the alum 
produced from, this source usuall;;^ *cpnta.ins iron. 

The main applications of alunvnium salts can be attributed to the 
action of ^luminium ions upon colloidal substances. It was pointed 
out in Chapter VII (Vol. I), that a trace of a salt of aluminium or 
other trivalent^metal, added to a liquid containing negati^j^ colloid 
particles, d6prive the particles of their charge, and causes floccu- 
lation. This fact has been applied to the purification of drinking- 
water contailiing suspended matter. If a little aluminium sxflphate 
is add(kd to the ^water, the suspended matter, whether consisting of 
“clayey^'^ particles, or of organic colloids, quickly settles to the 
bottom ; a large proportion of the bacteria in the wa^er are carried 
down with the rest of^ the sediment^ and the water is thus rendered 
safer for drinking purposes. In othqf cases, aluminium salts are 
added to waiter of Moorland origin to Remove the colour, which is 
due to pf,rticlcs bf colloidal size. Under the influence of the alumf- 
nium ions, the colloid particles collect into flocks which can be 
removed by settling or by filtration.^ A similar process is very 
largely employed for the treatment of sewage and industrial effluents. 
The employment of pure aluminium sulphate, or pure alum, is not 
essential. A crude mixture of aluminium t and iron ..sulphates, 
known as “ alumino-ferric cake,''" made by the direct solution of* 
bauxite in sulphuric acid, serves the purpose almost as well ; ferric 
iron ions act in the sanu? way as aluminium ions, but are rather less 
effective. ‘ ^ 

The hardening action of aluminium salts upon gelatinous matter, 
such as exists in hides, is, no doubt, closely connected with the 
flocculating action upon sols. Aluiliinium sulphate, or alum, is 
used in the process of alum tanniug^^ or tawing^ employed for the 
preparation of whittf kid leathers. It is interesting to qpte that the 
salts of othef. trivalent metals also are used ^n tanning, notably the 
salts of chromium and iron. ^ t 

Similarfy, aluminium salts are ^Aargely used, along with organic 
cdlloids, in the siziYi^ of paper, v Many papers intended^ for printing 
'purposes arc coated with a preparation of “ rosilf^oap,” to which 
t aluminium su/phate has beefi added to render the rosin hard and 
insoluble. « / ' ♦ 

Likewise, aluminiuKi saflts are ueed as mordants in dyeing, for the 
“ fixmg ” of certain dyes which wguld wash out if «the fabric were 
J. Aace, J. Soc. Chem. Ind. 40 (1921), 150t. 
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merely steeped'iiT -the^dye solution. * They are only useful for dyes 
in which the colloid particles have a negative charge. Sucli dyes 
form solutions In water, but the solutions are flocculated'by tlfe 
addition of aluihinium salts,* the charge in the particles being ' 
removed by adsorption of alumftiium ions. Since dye-stuffs of 
this class have usually ^n character, the same fact may be . 
expressed in a different way, by saying that an insoluble aluminium 
salt of the acid in question has been produced. , The .precipitate 
produced by adding aluminium salts to an acid dyft-stuff invariably 
contain^ aluminium, and can correctly be regarded as an aluminium 
salt of the dye-acid, but not, in general, as an alun^ihium salt *of 
definite composition. The controversy 4*egarding the theory of 
mordSints is, like most other controversies in colldid chemistry, 
mainly a question of nomenclature ; several analogous cases were* 
discussed in Chapter VII (Vol. I). • 

The applic,ation of an aluminium salt to the fabric takes place 
before the dye is applied. In one method, cptton goods are soaked 
in an aluminium acetate solution, and are then hung up in a warm 
^placc so th«,t hydrolysis* slits in, aluminium hydroxide or a basic 
salt being precipitated. • The cotton is next soakAi in the solution 
of the dye-stuff, and the latter is precipitated by the aluminium 
compound withiu the fibres of the cotton. Thus the dye is rendered 
insoluble, and will not “ wash out ” when the dyed material becomes 
wel. 

It is worth while to point out that other polyvalent salts, notably 
• those of tin, iron and chromium, are also employed as mordants. 

The precipitates obtained by the interaction of an aluminium salt 
with a suitable dye-stuff in the presenct^of %lkali are sometimes used 
as pigments, iftider the name “ lakes ” ; they are less permanent 
to light than the true inorganic pigments. 

V Abr9,sives. The extreme hardness of strongly heated alu- 
minium oxide makes it use^il as an abrasive. The n^itural de- 
posits of emery have,^’of course, long been utilized, but are ina/iequate 
for the present demand. Artificial abrasivefe are now prepar^ by 
heating bauxite with %arbon in the electric furnace at a very high 
temperature ; the Sxides of iron and silicon ure largely reduced to 
the elementary state, and are t\btained as a technically useful aHoy 
(ferro-siliconj, whilst the less easfly redhcible ^lymina is merely 
fused, and solidifies to a mass which ig^said to be harder*than natural 
corundum. 

It may here be menticiieU that the manufacture of artificial 
gem-stones has been carried oiit oiv a com^paratively Ihrge ^cale. 
Before the wa^, a Boulogne .works was f^aid to be preparing* 1 ,000 
kilograms of rubies yearly, by melting up in an oxy-hydrogen flaihe ’ 
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alumina, fluorspar, and a tracS of chromium^oxkfe,‘the chromium 
being'rysponsible for the red colour of tj^e gem-stone.^ 
y UltramaHne. Several blue mineral^ (haflyne, nose«n, lasurite, 
'etc. ) consisting of complex silibatf^ of*aluminium, sodium and other 
metals, but alwfiys (jontaining sulphur, occur in igneous rocks. 
Where they are ‘found in sufficient q^iani^ities'as to be commer- 
cially, important, as in the KoKcha valley (Central Asia), they 
are known as “ lapis lazuli ” ; such deposits were at one time 
eagerly sought After, being ground up to form *the blue pigment 
“ ultramarin,e.”‘ * 

TJltramariiv?) is now, however, prepared artifically , and by varying 
the conditions of manufabture different shades of blue, and also of 
, green and red, can be obtained. 

Therd are two^kinds of ultramarine made, distinguished by their 
silica content. Th?) variety with the lower silicate- content is made 
by heating a mixture of china clay, sodium sulphate, •and charcoal 
(or tar) in a crucible oi muffle furnacb. At first a white substance is 
produced ; this turns gradually to a •green substance, which be- 
comes blue ^hc^ a further quantity oi "Sulphur is added to the^ 
mixture. ^ To obtain the high-silica variety, *sahd must be added to 
the charge, and sodium carbonate is used instead of sulphate. The 
product is ground very finely before being sent oulf fronl the works. 
Ultramarine is used as a water-colour and oil-colour, as well as, in 
calico-printing and in wallpaper ; it is also employed to “ whiten ” 
paper^ i.e. to hide the yellow colour normally jlresent, and is added, 
for a similar purpose, to sugar. 

A great deal of uncertainty still exists regarding the exact nature 
of the various, ultramarine products. Some of the changes which 
they undergo are of great interest. Blue ultramarine is .turned 
violet when Heated in chlorine gas, and the further action of nitric 
acid vapour turns it red. Most varieties of ultramarine are.decom- 
posed by dilute acids, silica being liberated in the gelatinous state ; 
some sulphuretted hydrogen is as a •rule evolved, although much 
of the 8uly)hur is procif)itated in the elementary condition, in a very 
fine state of •division. ^ 

By the action of tilvei; salts upon ultramaf'ine, silver replaces 
thp sodium. It is noteworthy als(\*Ghat ultramarine can be pro- 
duced in which^bgron takes thfe place of aluminum The inter- 
change of elements recalls^. that occurring among the zeolites 
^(hydrrfted silicates), tand it is generally believed that the ultra- 

marines are related to the zeolites, sodium sulphide taking the place 

• * • • 

1 Neumann, " Chemische ^Pechnologie " (Hirzel), ^912 edition, p. 
284. . , • • , 

J. Hoffmann, Chem, Zeit, 34 (1910), 821. 
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of the water inv2trialj|y present in tlie zeolites.^ Many zeolites yield 
blue or green bodies wht^i treated with sodium sulphide \ “ per- 
mutit,” for instance, givel a greenish body with sodi\in\ sulphide. / 
It is very doubtful whether all th'e different ultramarines which hav'/ 
been described are really definite compounds. The cause of the 
blue colour has been attjrib’jtbd to colloidal particles of free sulphur • 
suspended in the silicate massf and this explanation — although 
not universally accepted — appears very plausiljle.^ Jt a^ least 
suggests a reason Vhy so many bodies of highly diverse composition, 
havingi very little in common except the presence of free sulphur, 
should all show this colour ; and, at the same time, jt' explains why 
comparatively small changes of environment, such as might be ex- 
peci^d to affect the size and character of the colloid*particles, have 
a striking effect upon the colour. It is notewortjiy, moreover, tha^ 
colloidal particles of sulplftir in a glass may confer a bluebolour, just 
as colloidal selenium confers a red colour.^ 

'^The Ceramic IndusiVy 

Ceramic, art consists ..efisentially in preparing a plastic mass of 
clay and water, pressing it into the required ‘^hape, ^drying the 
article thus prepared, and then burning it at such a high tempera- 
ture that the cjay particles fuse or soften, at least superficially, so 
as to adhere together ; thus the article, after cooling, possesses • 
rfgidity and considerable strength. It is convenient to include in 
the genial term ‘tceraimic industry,” the making of articles such 
as magnesite firebricks, where the same principles are involved, but 
in which the essential material is not clay. 

The products of the ceramic industiy a^’c many and various, and, 
before discussing the matter further, some sort of*rough classifica- 
tion must be offered. Many attempts have been made to classify 
ceramic products, and 'all are, in some respects, unsatisfactory. 
The following classificatioif, although far from perfect, will suit 
our purpose : — ^ ^ • 

I. Materials of High Softening -point (ifefractories)! 

% 

Fireclay , 

Silica 

\Calcined magnesiti', 

* Calcined dolomite 
Calcined bauxite 
Chromite 
Zirconia ^ 

1 L. Bock, ZdiacK Angew* Cherth 28 (1915), i.«i47 ; 30 (19W), i. 161 ; 33 
(1920), i. 23. , • * 

* P. Rohland, Koll. Zeitsch. 4® (1916), 141. 

- • W. D. Bancroft, J. Phya. Cham. 23 (1919), 616. 
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II. Mixtures containing Materials of O^mparatively Low 


^ Sfoftening-poiilt. 

^ A. Porous Body (Terra-cotta 

Unglazp.d. 

Builder’s briekso • 

Unglazod tiles • 

Porous water jars (Eastern) 
Battery ;^ars 
Filters • 

t 

B. Nearly i\pn-porous body, 
(Stoneware), used ktr : — 
Uufjldzcd. 

Certaiji paving tiles 
Vitrifioci bricks ^ 

Some fine stoneware 


C. Non-poro|is body, almost 
(Po^rcelainl. 

IJnglazed. 

(1) Soft “ Parian ” 


^ (2) Hard ‘ ' Biscuit ” 


or ^earthenware), uaod iof \ — 

* Glazed, 

Gla:^d bricks 
Glazed tilts 
•Faience for — 
table ware 
flower vases • 
decorative purposes 

vitrified ground-mass, opaque 

Glazed. 

Drain pipes 
Sanitary ware 

Stoneware bottles for food and drink 
Chemical stoneware *’ 
kSorAe fine stoneware 

m 

wholly \<yified, translycent 
• • 

Glazed. 

English Bone China ^ 

Continental Soft Porcelain 
(Seger’s Porcelain, etc.) 
Continental TIard Porcelain 
(Meissen, otc«) , 

Laboratory dishes and crucibles 
Electric insulators 


The distinction betwecii tW; different elasses is not a sharp one ; 
in some kinds of stoneware, the body is almost as* porous as in 
earthenware. <llie differences in porosity are regulated partly by 
the choice of composition of the plastic mixture cmploye^ji, but 
mainly by the temperature of firing, ft the mass is heated so that 
the particles fuse only superficially, and adhere together at the 
points of qontact, the* lesulting mass will be f)orous, aad terra- 
cotta or 'earthenware results. If the halting is sufficiently 
intense to cause some constituents ?)f the mixturft to become fused, 
the liquid filling up the^ spaces betweSpthe larger or mqj?e refractory 
parficles, the bod^ wfU bee compjf rati vely impermeable^ but, owing 
to*its heterogeneous character, it will be opaque toTlight ; thus we 
get stoneware .<( If th^ temperature of firing be still higher, so that 
a larger proportion of the mass is fuSedf tjie resultant body may be 
translucent •(porcelain^, sijice,the amount of suspended unfused 
matter 'is loss. In the extreme casa, hard porcolaiif, the greater 
part of the constituents unaergo vitrification at the temperature of 
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firing, so thaf> thp character oi the •mass approaches both in trans- 
lucency, hardness a^id composition that of milky glasa^ i.e. a 
de vitrified glass. Probabw only a small pA)portion th<> original 
grains of flie plastic mixture su?;vive in hasd porcelain ; \he micro-/ 
sections, however, show crystals* of sillimanite, AlgOs-SiOa, which 
has crystallized out from the mass at some s1>age of the manufacture. , 

Qualities required in ftaw JVlaterials. The three properties 
required of a ceramic mixture are : — ^ 

(1) Plasticity^ the property which enables tiie material when 
mixed^with water to be formed by gentle pressure into any shape 
required without “ cracking ” or collapsing. 

(2) The property which enables the article to reJain that shape 
eveA after drying. 

(3) The property which enables the article so j3rt3ptirt:;u, lu attaiti 
strength and absolute rigidity, when “ fired ’’ at a high tempera- 
t\ire ; this, depends on the power of the particles to undergo at 
least superficial fusion ac the points where^they are in contact. 

The peculiar fitness of “playey ” substances for ceramic purposes 
is due to the fact that thc^ possess these properties iij a very marked 
degree. Many of tho substances used for makiifg refractories (e.g. 
calcined magnesite) are not sufficiently plastic even for moulding 
into the gimplpst forms, and, in any case, would not keep their 
shape when dried ; in such cases, it may be necessary to add some • 
c*arbonaceous “ agglomerant,” like tar, glue, starch, or dextrin as 
a binder, the organic body being decomposed and driven off when 
tlie articles are burnt. The same materials also require an excep- 
tionally high temperature to produce the superficial fusion of the 
particles, and sometimes it may be ntces^ary to introduce a fluxing 
agent into the mixture. * 

The cause of the special value of clay for ceramic purposes has 
been a subject of much discussion.^ The quality of plasticity, as 
defined above, is shown to*some extent by most insoluble powders 
when mixed with .water ; Jbhe particles stick togethef when wet, 
forming a “ paste, which can be moulded iifto almost anj^ required 
shape ; but in ordinary cases, they fall apart v^en* the water 
evaporates. Thete is no doubfP, therefore, rtiat the adhesion of the 
particles to^ one another is ^At direct* but depends on the water 
film betwt^«n the particles. It i§ easy dto make the particles Mide 
over one another — as occurs when the mass is motildid into shaph — 



^ Two recent papers, whihh enjbrace vi^vs slightly different from those 
advanced in this book, may be mentioiRed.# J. \V. Mellor, Trans. ^Faraday 
Soc. 17 (1922)f354 ; N. M. Comber, J. Soc. Chem. hid. 41 (1922), t7T. See 
also F. F. Grout and F. PojJpfe, Tran.H. Arnlr. Geraih. Soc. 14 (1912), 7J. 
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particle away from its neighbcAir >1^0111(1 involve ^ef disruption of 
the watery film ; nforeover, the tearing will iKvolve an increase in 
^ tho free^ surface of the water, and would involve <an jpcrease of 
Vsurface energy. Thus <;he “ pastes can be moulded into form 
without cracking. « 

( However, wher/ we are dealing witk parpcles ,of very small size, 
a second typo of attraction may oc^ur this is due to the molecular 
forces •operating directly between the surface molecules or atoms 
of the particles where they come into contact. We can only expect 
this direct attraction to be important where the surface of j^ontact 
is Rirge compared to the mass of the particle ; and since the ratio 
of surface to "inass increq^ses as the particles become smaller, we 
observe the diuect type of adhesion best in particles of ultra-micro- 
scopic size . 2 The characteristic “ stickiness ” of “ colloid ” substances 
is of this ^lature; t^e practical usefulntss of a gum solution, for 
instance, depends on the fact that the adhesive forces between the 
gum particles persist after the water .has evaporated. 

Now in clays we are concerned with particles of intermediate 
size ; they arp smaller than those of typical powdery, and are 
indeed smt^ll enoii|h to show many “ colloidal phenomena ” — such 
as cataphoresis and flocculation by electrolytes ; nevertheless they 
are considerably larger on the average than particles typical 
colloids.” We may therefore expect both the indirect and the 
direct types of adhesion to occur, and it is natural to attribute to 
tHe fir^t mode of adhesion the plasticity of thQ clay shown whilst 
wet, and to the second, the fact that the moulded articles retain 
strength when dried. 

There are, as explaim^i iji the section upon the “ terrestrial 
occurrence ” of tiluminium, two main varieties of cky — 

(1) Residjial clays (“ China clay,” etc.), consisting essentially 

of kaolin particle^. * 

( 2 ) Secondary clays (‘' Ball clayii,” etc.), in which thS most 

ifnportant constituent is believed to, be m ica in minute 
• • crystals. • • 

Now it has lopg been known to potters that the residual clays, 
although in many rey)ects more tvakiable tha^i tho others, are 
generally le^s plastic, and f^el less “•ppetuous to tho touch.” This 
is easily understood * 6 n tjie vie^y if I plasticity sugg&ted above, 
because the k^jioliti grains of the primary clays are larger ; more- 

U. R? Evans, i'rana. Feraday SOC 0 18 (^922), 76. 

* An attraction which is probably of t^no flirect type is observed between 
objects of qujte large size jvheiw the surfaces are exceptionally smooth and 
quite chan. Thus two absolutfjly fat plates pressed together will “ seize ” 
and uni^e, but if the surfaces a^e not absolutely flat and smooth, the plates 
jvilUonly come into true contact at a few points and no union will result. 
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over, inica-flak©s*have an unusulally iarge surface compared io their 
volume, and their foj&i i^such that they adhere together readily 
when separated by the thi^ film of water, and yet caiji ghlie over 
one another easily when the mq-ss ^s prescied into shape. Other 
substances, such as powderci taic, which consist of particles of 
flaky or lamellar shape^ yieki unusually plastic* mixtures when 
moistened with water ^ ; bull in general the strength vanishes when 
the water evaporates. If ordinary mica is ground to an impalpable 
powder and mixed with water, the pulp has a plasticity equal to 
that of many clays 2 — a fact that supports the vieV that the plas- 
ticity of ordinary clays is connected with the form of the particles. 
The adherence of the mica-flakes may perhaps bo coihpared to the 
“ sticking together ” of fragments of wet paper, altlv>ugh the two 
cases are not entirely the same. The moderate plasticity of> 
kaolinitic clays has also hoan ascribed to the plate'-like fo^rn of the 
kaolin particles. 

Although t*his indirect mod^ of adhesion may serve to explain 
to a large extent the behaviour of clay whilst 'Wet, yet it can scarcely 
explain why articles mpulcled from plastic clay junhke those 
moulded from artificially prepared plastic mixtu^s suclj as pow- 
dered talc and water) retain their rigidity even after drying. Here 
we seem to Jdc dealing with the “ direct ” type of adhesional force, 
such as operates in typical colloids. Many chemists consider that 
a film of colloidal matter, possibly silicic acid, aluminium hydroxide 
or ferric hydroxide, exists round the particles, which serves tq bind 
them together after drying, just as colloidal silica is believed by the 
same chemists to be the actual binding agent in Portland Cement. 
The theory has not been worked out v^jry Jfully, and there are still 
several points imexplained.^ It is just possible thjt the colloidal 
matter may consist of organic substances ; certainly ^the character 
of some clays is altered considerably Men they are treated with 
solvents which would remove.iorganic matter.^ On the other hand, 
it is not impossible that the colloidal particles which fanction as 
the “ adhesive ” may actually be minute clay#particles, ha ring, the 
same composition as the larger ones. \ 

Highly plastic clqys^are said t# be “ fat,” whilst tlio less plastic 
clays are said to be “ lean.” ^ J^o clays^ confist entirely of kaolin 
or mica paitiftles. Residual clA-ys^ontai^ sotae of the other con- 
« 

1 H. A. Wheeler, Miss. Qeol. Surv. 11 jU896), 97 ; A. Atterberg, Zeitsch. 
Angew. Chem. 24 (1911), 928. ^ ^ 

* B. T. Stull, Trans. Afner. Ctkin^. Soc. 4 (1902), 255. 

3 N. B. Davis, Trans. Amer} Cera^n. Soc. 16 (1R14), 65. oee also W. D. 
Bancroft, J. Ind. Eng. Chem. 12 (1920), W6 ;/E. Podazus, Roll.* Zeitsch. 20 
(1917), 65. • , 

* W. A, Hamer and H. E. GilT, J. Amer. Ceram. So^. 2 (1919), 594. 
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stituentsof the original rocks <tfronf which they\vwe derived, quartz 
and felspar, for instance. These minerds h^e no plastic qualities, 
hut they can largel^ be removed, if /desired, by washing or by 
“ osmose ” (see below V. The special value of certain residual china 
clays — such as those of Cornwa^.1 — is that, when the clay particles 
have been concentrated by washings they consist mainly of a pure 
kaolin; the product has, therefore,^ a liigh softening- point, and, 
being almost free from iron, yields a wonderfully white body ; such 
clays are useful k)r making porcelain. On the other hand, secondary 
clays can rarel9^ be washed so pure as to give a colourless body. 

‘‘Certain secondary clays, which contain silica as the main im- 
purity, have'*a very high softening-point and can be used as “ fire- 
clays.” Stovrbridge clay is a particularly valuable variety of 
fire-clay. Most secondary clays, however, contain a comparatively 
large proportion of fairly fusible constituents. They can often be 
used as the basis of stoneware, where the body requires to be partly 
fused, or for pottery. The presence of much iron renders the body 
produced coloured, and this may limit the use of many of the clays. 
A large proportion of grains other thaa>mica or kaolin, will clearly 
reduce the plastt3ity and may render the matc/'ial unfit for any use,' 
except, perhaps, for the making of bricks. 

Besides clays, other materials are often added to the plastic 
mixture. They include felspar or felspathic rocks, such as the 
pegmatite known as “Cornish stone.’ ^ The felspars have a 
‘comparatively low melting-point and act ^as fluxing materials. 
Calcareous materials like marl have also been employed as fluxes. 
Ground bone-ash (calcium phosphate) is employed in “ bone china.” 

Some form of silica (sapd, powdered quartz, powdered flint) is 
often added '»as an “ opening material ” to reduce shrinkage, 
especially in, the case of the more plastic clays, which tend to shrink 
very much. Another excellent “ opening material ” is grog, 
obtained by crushing disused or broken fired bodies (refractory 
bricks, crucibles, etc.). 

Frelipiinary Treatment of Clay. The clay as it is dug out at 
the pit requi^’es to be disintegrated in some way, that is, broken up 
into fine particles. This may bC done mechanically by moans of 
stamping, grinding in ball mills, crushing between rollers, or cutting, 
but it is possible tOf allow the f orces of Nature to perform at least 
the first par o of tfie disintegration process. The clay is laid out in 
( small j heaps, .and a)lowed to “weather.” The evaporation of 
water by the iieat of the sun by dky ,aDr the freezing of the water by 
the frost '^at night, b(,*th ^erve the same purpose — that of breaking 
up the clay. It is also thought that artificial weathering serves 
to convert any r^idual felspar into kaolin. 
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Doubt has, h*ow«vf^ been expressed as to whjsther the changes 
brought about by weathei^g are actually , worth the tinje* and 
trouble* involved? in laying c(ut the clay.^ • * * 

The desirability of separatii'g the fine parficles of clay from the 
coarser particles and, as far as pcfesible, from the other minerals 
that occur with them, w^l eajfiTy be understood, ^t is, however, 
only remunerative to treat the best qualities of clays (“ China cl^s,” 
etc.) in this way. Purification is commonly brought ^ibout by 
“ washing.” The ground or crushed clay is churncA^up with water 
in a vat^(“ blunged ”), until the whole of the finci* clay particle^ 
are in suspension. The water is then allowed to fl^w out into 
another vessel, carrying the lighter particles in susjx^nsion, whilst 
the coarser grit remains at the bottom of the “ l^lunger.” A 
further quantity of comparatively coarse materifjl sinks <to the 
bottom in the second vessel, and after a time the water, Carrying 
the finest clay- particles in suspension, is run off. These finest 
particles are finally separated by settling or b;;j filter-pressing. Any 
soluble materials remain in tjie water. 

There are, pf course, innuAiorable ways in which tj^e «vashing and 
"Settling process can be elaborated, but the same general principle 
holds good. It should, however, be noticed that washing will fail 
to separate the ve^y small particles of foreign substances which can 
remain suspended as long as the clay particles. For this reason, it 
seerfls likely that now processes, bjised upon the principles of colloid 
chemistry, jnay prove miore efficient. The simplest process consists 
ki churning the impure clay with water containing an appropriate 
quantity of alkali, and running the mixture into a settling tank. 
The kaolin particles adsorb hydroxyl ions^ tliws assuming a negative 
charge, and remain suspended as stable colloidal *particles in- 
definitely. The chief impurities (mica, ]^yrites, silic^ etc.) do not 
adsorb hydroxyl ions so ^sily, and arc uncharged. They conse- 
quently Sink gradually to thb bottom of the tank. The clay- 
suspension can then be, run off from the impurities, and afterwards 
the kaolin particles can be thrown down by adffing a little* acid! 

The process just described is not entirely satisfactory^but^ during 
recent years a promising method^bf electrical purification has 
been introduced.^ The apparat^# consists of an electrolytic tank, 
containing the (^sponsion of clay,* th^ anodf? beiifg^a half-immersecf 
cylinder of hard lemi, which slowly revolves a horizontal axis ; 
the cathode is a perforated metal ^latt;J*and is §xed junt below the 

^ L. B. Rainey, Trans. Amer. (Jefam. Soc. 16 (1914), 405. * 

* J. S. Highfield, W. R. Ormandy and D. Nfirthtlll-Laurie, J. Hoy. Soc. 
Arts. 68 (1920), 514; W. R. Ormandy, Tthns.'Ccram. Soc. 18 (1918-j19), 
327 ; Trans. Fara^y Soc. 16 (1^21), Appendifc, p. 14I»; P. H. Prauaiiitz, 
Zeitach. Elektrochem. 28 (1922), 32. 
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anode. Two pad^ea keep tie clay particles suspension, and 
^rect^a continuous stream of the tur^hid liquid through the per- 
foration:S in the cathode towards irfie anode. The negatively 
charged kaolin particles stick to th^ anode, v^hilst the foreign 
particles (pyrites, mica and quartz), which are neutral or positive, 
pass out with tJio effluent from the* tank, r The process can be made 
con^nuous, fresh clay suspension running in by one pipe, whilst a 
liquid containing impurities (and still a little kaolin) passes off by 
another. T'hq clay particles adhere to the anode as it rotates, and 
pre removed as a thick blanket by scrapers fixed close to the anode 
surface above the liquid. The blanket of purified clay falls off into 
a chute clear of the machine. 

The comparative dryness of the blanket obtained may- excite 
surprise, but little consideration will suggest the reason. The 
clay parcicles are negatively electrified^ relatively to the water ; in 
other words, the water is positively electrified relatively to the clay. 
The first action of the E.M.F. is to drive the particles on to the 
anode ; having reached the surface they can move no farther, but 
the water is\.ti!J free to move in the opjTonite direction, and is largely 
expelled from the pores between the clay particles by the same 
electrical agency. Osmose is therefore not only a purifying process, 
but also a drying process. 

The great importance of the electric “ osmose ” system is that it 
has allowed crude clays to be used for purposes to which they nave 
hitherto been found unsuited. For instance, a clay hitherto 
regarded as only fit for the making of rather low-grade bricks, is 
now employed- after electric treatment — for making quite good 
stoneware. 

Operations in the Manufacture of Ceramic Articles. Details 
of the potter’s art must ke sought elsewhere.^ It is only possible 
here to state the stages through which the materials pq,^s. 

First ('the materials (clay and others) are measured out and 
mixed, the mixtui^ being ground between' rollers, or churned up 
in son^e other way* so as to render the whole uniform. The 
thoroughly 'mixed material next^undergoes shaping to the required 
form ; the method varies, of course, with thS nature of the article 
required. Vases ^and jars are often “ thrown ’’ on a potter’s 
wheel, an(^ thf^ shape is sometimes elaborated by turning on 
a lathe, a suitable tool being placed against the rotating vessel so 
as to obtain the desired contoup Plates are sometimes produced 
by a special form of turning kno^i as “ jiggering ” ; a mould 

^'See E. Bourry’s " Treatis^ on Ceramic Industries,/' Translation and 
critical notes by A» B. SeaiJle (Scott, Greenwood). Also G. Martin’s “ Indus- 
trial Chemistry " (Crosby, Lockwood), Vol. II. 
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representing thf? shape of the top surf&ce of the plate is mounted on 
a rotating vertical axil ; clay is placed upon ^t, and a tool hiving 
the outline of the plate bottom is lowered to a point jus^ aboVe the 
surface of the rotating mould, |ind» held prac1?lcally stationary until 
the clay has assumed the correct form. Bricks and pipes are 
extruded through a» die, jthe eftctruded portiofi beiijg cut off auto- 
matically as soon as the desired length has been forced through the 
aperture. Perhaps the commonest method of shaping an object is 
to press it in a mould ; this is used not only for tileS^plates, reliefs, 
etc., but also for such objects as jugs. In addition, there is th^ 
method l^nown as “ slip casting/* especially suitaj^Ie for thin 
china-ware ; here a liquid body (or slip) is introduced into a porous 
mould* Part of the water is absorbed into the mould,* and a layer 
of clay-stuff is left all over the interior sui’face. ^Thc excess of 
liquid is poured away, and Mie clay in the mould, is left to*harden. 

However prepared, the articles are packed in drying stoves where 
they are gradually dried, usually in a current^of warm air derived 
from the kilns. After drying* the goods are often sprayed with a 
liquid carrying the materiaj •which will form the glaje ^fter firing ; 
1:his matter is coiLsidered below. • 

The articles are next fired . Here again the details of the process 
and the chars.ctcr of kiln employed must vary with the nature of 
the article to be made. Table-ware (plates, etc.) are packed into 
boxd!^ (saggers), which are then piled in kilns ; porcelain, which 
becomes abpost liquid during the firing process, requires very cAre- 
fiil packing, with support at points of weakness, since otherwise 
the articles will lose shape. Stoneware which is to receive salt 
glaze must be packed so that it comes inio (iirect contact with the 
hot gases from Mie fire. Bricks arc packed for bakiSg in such a 
way that the hot gases can get access to^each of them.* 

Coal is commonly used as»fuel in this country. On the Continent, 
producer gas has found applicaiJion, regenerators being fitted to the 
furnaces. Heating shoyld generally be slow, and the subsequent 
cooling must also be sk)w. 

The temperature to be ^mployed will depend on the type dt body 
desired, but also natumlly on the cdknposition of^the mixture, being 
lowest where iron and alkali m^Rils are present in considerable 
quantities. Ace&rding to Bourry, with high-claJfes^ materials, the 
temperature required for faience (superficial fusion or T^elding of 
particles) is about 1,200° C., whilst that^?equired^for hard porcelain 
(nearly complete fusion) is aboui 050° C. Builder’s bHcks, being 
made of clays rich in fluxes, are fired at a so^evdiat lower tempe;;a- 
ture than faience t(perhaps 1,000-51,100'^ C.)^ although where hafrd 
vitrified bricks are to be made,* temperatures up to 1,300° C. may 
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be employed. Firebricks aiid refractory articled require a con- 
side^bly higher leiqperature. » 

* The tenlperature of the kilns is ofifen regulated b3j means of a 
series of “ Seger's cories" which -arey, small slim pointed tetrahedra 
about 2 ^ inches high and about' J inch diameter at the base. Each 
cone of the seijes has a standard cbmpopitionp and will soften at a 
known temperature; the different cones are assigned numbers 
which indicate their fusibility. The high-temperature cones are 
mainly composed of china clay ; the low-tenJperature cones con- 
J;ain felspar aJid other readily fusible substances. A row of cones 
is placed ih^thc furnace, and by observing which cones droop, and 
which retain their shape, the furnacc-man can obtain a good idea 
of the tem}*fcraturc. ' 

In addition 1;o this simple, but quite effective, method of gauging 
the temperature,, numerous reliable pyrometers are now available 
for temperature measurement. Some of these dejieqd upon the use 
of a thermo-couple,,, but it is not. always necessary to place the 
pyrometer inside the furnaee ; a i;0.diation pyrometer has been 
designed which can be set up outside- the furnace, in front of an 
opening in one wall, and receives heat by radiation from the hoi- 
interior surface of the wall opposite. Optical pyrometers, which 
actually measure the brightness of the white hpt walls, have also 
given good results, although their use introduces some uncer- 

^ tainties. • i i 

The first reaction which occurs on heating a ceramic body is the 
loss of the combined water of the kaolin, probably about 400 ° C. 
At much higher temperatures, portions of the body become liquid, 
the smaller and moreiimpuro particles (i.e. particles rich in iron or 
alkali-metals) being first affected ; however, where two large pure 
particles of different compositions touch one another, mutual 
“ fluxing ” may often occur at the point of contact. For instance, 
a highly siliceous grain and a highly basic grain may fusS together, 
a comparatively fusible mixture b^ing produced where they touch. 
As to ,how far tRe softening of the mass^ is allowed to proceed 
depends M^on the material desired, and tjie various cases must be 
considered separately. ^ ' * 

I. Refractory Bricks / etc., cptisist essentially of some substance 
, with high me\tiijg-poihc (kaohn, silica, magnesia, alhmina, chromite, 
zirconia). * It is usual to mix a certain amodnt of comparatively 
' coaise matarial, previously cajeined (“grog”), with a certain 
amount of Wly powdered material.,. An agglomerant, such as tar 
or - starbh, is used 'in ^omf casbs where the fine material has no 
1 J. W. Mellor,cTmn 5 . Faraday Sot. 1,? (1917), 137. 'Also numerous other 
' articles on refractories in same volume. 
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natural binding poVeiy A very high temperatuje is requirec^; the 
finely divided material softc^is, and welds the krger grains togethei^ 
The shrinkage ot refractory ‘materials is oftep serious, botft during 
the drying process and the firifig, apd'care must bo taken to secure 
the correct conditions, or cracking will occuy. » 

Where the pure material has a very high melting-point, firing is 
made easier by mixing in a tracePof some fluxing substance *in a 
fine state of division. Thus m making silica bricks^a little milk of 
lime is added to the pasty mixture, whilst it is difficult to prepare 
zirconia •bricks without adding some such oxide as alumina (A 
magnesia. In this way the firing is clearly made eaiier, and the 
brick prepared is stronger, the particles being cemented together 
more efficiently ; but it is obvious tliat such an admixture will , 
render the product less refractory. 

lla. Terra-cotta, Earthenware, Bricks, Faience, etc. The 

mixture consists of clay usuallv mixed with sand, grog, or some- 
times powdered flint, as opening agent, to reduce shrinkage. Often, 
for faience, Cornish stone o\ felspar is added as a sometimes 

•a calcareous substanqp, Jike marl. It is probable i^at when these 
articles are properly fired, the smaller and most fusible particles 
present between the larger grains melt together to form a glass or 
slag, which, after cooling, cements together the larger particles. 
Probably the larger particles never become fused except on the 
surface ; the proportion of the matter which becomes fus(^ is* 
actually small, and the mass remains porous after the treatment. 

llb. Stoneware may be made by heating a vitrifiablc clay 
(i.c, a clay containing particles rich in»irofi or other fusible con- 
stituents) ; alt(»'natively it can be made from a mixt^irc of fireclay 
and felspathic material, such as Cornish stone. The* articles are 
fired at such a high temperature that the greater portion becomes 
fused, and hardens on cooliAg to an extremely hard, vitreous 
ground-mass. Since, liowever,^ the more refractory particles (e.g. 
the silica grains of the clay) have resisted fuefbn, the wa^e is lar 
from homogeneous, and^ is opaque to light. Stonewaic i^ almost 
non-porous. 

• lie. Porcelain. English b«]^e china is made from a mixtury) 
of china cla/, ^lornish stone and boi?e ash f tho*bpi^ ash acts as 
fluxing material. The mixture is heaW unfil nearly tfie whole of 
the constituents are in the vitreous condition ; «an oxiiizing afbmo- 
sphere is needed for the heatyp^, in order to avoid risk of discolora- 
tion, and the ovens employed ^ust^ bq deffeigned accordingly. ^ 
Bone china is altnost the only kind of soft porcelain made in this 

* S. T. Wilson, Trans. Ceram. Soc. 16 (1917), 304. 
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coun^.ry. Gontirvental soft porcelains, h«/wever, do not contain 
bone ash ; ^some varieties consist of t}(3 same constituents as hard 
porcelaifi (see below) ^ although in different proportions ; there is, 
for instance, less china clay. , * 

On the Contiy ent, Jiard porcelain is made more commonly than 
soft, being pre{)ared from mixtures orjntaining kaolin, felspar, and 
quartz. Here again almost the^ whole of the constituents undergo 
alteration duripg the process of firing ; the^ felspar fuses, and 
attacks the q^^viartz, whilst the kaolin loses water in the earlier 
Stages of heating, yielding a vitreous mass, from which minute 
needle-shapei crystals of sillimanite, AlaOs-SiOg, separate at a 
high tempeijature. 

Both kinds of porcelain are translucent and vitreous after firing, 
but they are ndv absolutely homogeneous and transparent like true 
glass. This is partly because some of the original particles escape 
vitrification ; even in the best porcelain some of thl; large quartz 
grains remain unattrfeked, and in the less choice varieties there is 
still less dissolution of this refracto'ry constituent. The lack of 
transparency I'iay also be due to the aiipearance of fresh crystalsf 
e.g. those of sillimanite, during burning ; such crystals can usually 
be seen in microphotographs of sections of hard porcelain.^ 

English bone china gives less trouble in saggering than does hard 
porcelain, and it is comparatively easy to obtain any colour defjired 
upo^ the former, whereas with hard porcelain there arc difficulties 
in obtaining certain colours. Bone china is 'also rather' less brittle 
than most kinds of hard porcelain. 

Glazes. It is very u^ual to cover ceramic articles with a 
“ glaze ” or thin layer of glass. In the case of eartl^nware, pottery, 
etc., where ^he body is porous, the glaze serves to make the article 
impervious and water-tight. In addition, a non-transparent glaze, 
containing substances of high refractive index like tin co'mpounds, 
serves tb conceal the unattractive colour of the body. In stone- 
ware and porcelaiiK/^ .which have noh-porous bodies, the glaze serves 
mainly <to ipi prove the appearance of the article, although it should 
be added that certain types ofisorcalled ktopeware are very per- 
ceptibly porous, ana, in 6uch caser,^the glaze fulfils a most necessary 
function in rendering the articles water-tight. \ . 

Essentially th5 glaze formed upon the surface, of an article is, like 
ordipary glass, a mixture vj silicates, but borates are sometimes 
present, bevng added to make th^^ mixture more fusible and to 

^"A. A. Klein, U.S. ^Bur.t-Stard., Technical Paper 80 (1916) ; J. Franklin 
Inal. 182 (1916), 683 ; J. GeraiV: Soc. 3 (1920), 91*8. Microphotos of 

bone china, after firing at different temperatures, are given by J. W. Mellor, 
Trana. C^ram. Soc. 6 (1905), 80. 
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increase the hardnes^ and brillianc^. The basic oxides present 
may include oxides of calcium, potassium, sodium, lead and alu- 
minium. i^r ilon-transpauent glazes an opacifier, su(?h ^is oxidb 
of tin or oxide of antimony, should be present, which remains in 
suspension in the glaze. Alumina* calcium phosphate, zinc oxide 
and titanium oxide 'have; alsp •b'een used as dpacifjcrs. 

As a rule, ai, frit is made by melting together appropriate quantities 
of the chosen materials in a crucible or small reverberatory furnace. 
A lead silicate frit can be made by fusing togetlfcjr quartz sand, 
boracic ^cid, lead oxide (usually red lead), chalk, and a smajl 
quantity of clay. Sometimes soda ash and felspar are^also present, 
and in “ leadless glazes ” these substancea containing alkali metals 
take khe place of the lead compounds altogether ; in It^adless glazes, 
the boracic acid content must be increased, or the ^laze wiU be too 
infusible. 

Where a ncm-transparent glaze is needed, tin oxide is added, and 
this may also reduce the fusibility and call Jor an increase in the 
boracic acid content. • 

After the preparation of.tlic “ frit,” it is finely grojy^l with water, 
so as to obtain a line fc?uspension ; often other substancetf, such as 
finely powdered felspar are added to the suspension. The suspen- 
sion is generally applied to the articles after drying and before 
firing, but sometimes — as in the case of porcelain — to the article 
(“iDiscuit ”) after the first firing ; in such cases, a second firing 
needed after the application. The .suspension is usually applied by 
• spraying, although sometimes the articles arc dipped into the liquid. 
During the subsequent firing, the particles of the frit melt again 
and spread as a glassy layer over the*wlTg[)le surface, penetrating 
into any pores, •and often reacting or blending with tJie material of 
the body. In hard porcelain it is impossible to say de^nitely where 
the body ends and the glfize begins. The composition of the glaze 
.should in all cases be chosen •to suit the body ; the coefficient of 
expansion of the two should,, for instance, be roughly ihe same,** 
because, if the glaze Contracts more than the 4il)dy when tt^e arficle 
is cooled, it may cracky (this is known as crazwrj), whilst, tf it con- 
tracts less, it may become detailed (scalimj pr peeling).^ Crazing 
is likely to occur when the glasib contains too little silica, scaling 
when it cont£fins too much. ^ 

The danger of Ibad-poisoning through th^ use of leaH glazes has 
been greatly reduced in recent years the mpre careful regulation 
of the process, and particularly by the application of the lead in the 
form of “ frit ” (silicate), instcad*of as wl^ite lead (basic oarbopate) 
or red lead (oxtde), as was formerly the pase. This has beeA the 
main factor in reducing the cases of “ plumbism ” in the pottery 
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trade of this country from 2(5o in the year ,1900' to only eleven in 

. f-: " 

The comJ)osition of the frit must clearly be such 'thai^,the lead (or 
alkali metals) in it are 'not unduly? sokible in the water in which they 
are suspended during application. 

The well-known “ salt glaze ” oft<5i), see^n on stoneware articles is 
obtained in an entirely different way. Sodium chloride is thrown 
directly into the fire of the furnace, or sometimes placed in the hot 
part of the kilp.' (not directly on the articles). 'The salt vaporizes 
ajb once, and the vapour interacts with the silicates of the sjirface of 
the body, producing upon the surface a comparatively fusible 
silicate mixture containing sodium silicate, which on cooling hardens 
to a transpai-ent glassy layer. 

Colour of Ceramic Materials. The colour of the body is 
seldom white, unless the materials used are singularly free from 
iron. Even in bone china, which is made from the purest china 
clay, with only a trac<t‘of iron, a coloration (due to iron phosphates) 
appears if the proportion of bone ash, ‘•Cornish stone and china clay 
are not quit6 Jtight, or if the articles are “fired in a reducing atmo- . 
sphere or at the wrong temperature. ^ In earthenware, where less 
pure materials are used, the colour of the body is never white, but 
if the articles are glazed with a non-transparent glaze, the colour is 
hidden. In some cases, a white layer (a “slip” or “engobe”) 
■made of pure materials (china clay, etc.) is applied to the surface 
of tte coloured body, and the article is subsequently glazed. In 
unglazed articles, like bricks, or in articles with a transparent glaze, 
like salted stoneware, the colour of the body becomes noticeable. 
Bricks, for in^^ance, vary very much in colour. The yellow colour 
of common bricks is due to a finely divided modification of ferric 
oxide, whicli is stable in pi-escnce of aluniina. If agglomeration of 
the ferric oxide particles occurs, a^red brick is produced. The 
presence ,of lime in the bricks favours the retention of the yellow 
col 9 ur, whilst cxces^s of iron tends to cause a red brick.^ Burning 
at a high temperature, especially in the presence of reducing sub- 
stances, yields a dark-red, black or blue «brick, largely vitrified. 
The darkr^colour has been ascribed to carbon, but is generally due 
t 9 the magnetic oxide of iron (Fe: 04 ), or a corresponding ferroso- 
(•^erric silicate. ^ ^ , 

For decorative purposes, ffj.ience and porcelain articles are often 

1 Miall, J,. Soc. cLm. Ind. 39 (l&2q), 4 e. 

* L. Petrik, Sprechsaal, 53 (1920), 406. . 

* q:, W. Mellor, Tran.<h Ceram, Soc. IS (1918-19), 497. 

* I. A. Keane, J. Phys. th&m. 20 (1916), 734; F. H.^cheetz, J. Phys. 
Chem. 21 (1917), 670; C. ‘F. Binns, htK Int. Cong. App. Chem. (1912), 
ijject III c, 7. 
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coloured by introducjiig small quaiftities of those metallic oxides 
which confer coloration upon silicate glasses, "fhe colour mliy be 
applied in jjve Ways : — ? * 

(1) The hody may be colouifed, 'being covered with a trans- 

parent glaze, or left ^ unglazed. 

(2) A coloured or (^gobo may be appliei. 

(3) The colour may be applied to the surface of the body 

before the application of the glaze. Afterwards a 
transparent glaze is applied, into which the colour 
• passes on heating (underglaze colouring)! ^ * 

(4) A coloured glaze may be used. ^ 

or (6) The colour may be applied ever the glaze, usually 

* after burning, by means of a mixture whiRh can vitrify 
by subsequent heating at a low tempcijaturo (nfverglaze 
colouring). The vitrifiable mixture ofien consists of lead 
bojate and silicate ; bismuth compounds are sometimes 
added to increase tiie fusibility. • 

In the last method, colopfs can be used which would not stand 
the temperature of the firing proper. If one of ’Me other four 
methods is applied, the colour will often depend upon the tempera- 
ture of firing and on the general composition of the body, slip or 
glaze, as well a^ on the oxidizing or reducing character of the 
atmosphere in the kiln. Subject to these qualifications, the follow- 
ing short list indicates some typical methods of obtaininfj tho 
different colours : — 

Black, by mixtures of iron and chromium oxides ; or ii’on and 
cobalt oxides. , ^ 

Deep Bliie, by cobalt oxides (must not be biiimt in reducing 
atmosphere). , 

Turquoise Blue, by copper oxide in oxidizing atmosphere 
(difficult to apply to hard porcelain). 

Green, by chromium* oxides. • 

Yellow, by a naixture of antimony an^^lead oxides ; oi* by 
titanium and zinc oxides ; or by uranium. ^hrSmic acid 
gives a yeUow in alkal’#io glazes. 

Red. Zinc oxide with a Jrace of chlomic acid in aif oxidizing 
atm-sliphere gives a rdd ; , also iron *®xide under certain 
circumstances. Fine ruby reds ar(i obtained with colloidai 
gold (Purple of Cassius), oi^nvith copper. 

Violet, by manganese ii^ flfflraline glazes. 

Gold, by metallic gold ^pli^d above^thogglaze, in finejy divided 
form. * (It should be burnMied* after burning.) 

^ * • , 

Many other mixtures of oxides are also used extensively. 
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Where underglaze or overgla'ze decoration required, the colouring 
matter or the vitrifiable mixture is sometimes applied by hand, the 
finely ppwdercd materials being mix^l with gum, tjirpentine or 
glycerine, and painted on with »a Inrush. More ‘often mechanical 
methods of applying the colour' are employed. In the subsequent 
firing, especial fare must be taken* te control the temperature, and 
also the type of atmosphere in^the /urnace. 
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THE RARi>EART« METALS 


Group IIIa 


Group IVa 


Cerium 

Family " 


Yttrium 

Family 


Group IVa 



Atrynic 

Atomic 


Weight. 

Number. 

("SCtmuiuiii .... 

45-1 

,21 

\ Yttrjum ..... 

§9-38 

39 

vLanthanum .... 

13f-0 

57 

(Cerium). . . . . 

140-25 

58* 

/Praseodymium 

140-» 

59 

Neodymium . . . * . 

144-3 

60 

1 Unknown element 

__ 

61 

I Samarium ^ . 

l«0-4 

62 

Europium .... 

• 152 0 

63 

xGadolinium .... 

157-3 

04 

^Terbium . . . 

159-2 

65 

Dysprosium ^ 

162-5 

66 

Holmiym * , . . . 

105^) 

67 

Erbium ..... 

167-7 

68 

Thulium ..... 

168-5 

69 

Ytterbium (Neo-ytterbium) 

173-5 

70 

/Lutecium .... 

175-0 (?) 

71 

Unkmwn elernent (probably 
itafnium) 

1800 (?) 

*72 


General 

The three heavier metals of Group IIIa, scandiuih, yttrium and 
lanthanum, resemble each other very c^losely ; it is rjatural, there- 
fore, to^consider them together. But it is necessary to describe at 
the same time a large nurftber of other elements, which have 
very similar properties. Nea^^ly all the elements which fall, in the 
order of atcynic weights, between lanthanum* (htomic weight 139-0) 
and tantalum (atomic^weight 181-5) form compounds^in which the 
metals are trivaleflt. The diaflacter of th^e compounds would 
lead us to place the elements igi^Iroup iflA, although if fhe orderly 
sequence of ite Periodic Table’wejo to persist*, they should falPin 
other groups ; wefshould, for instance, expeift ceriuifi (eftomic weiglft 
140-25) to fall into Group IVAj^pra^Sodymiupa (140-J) to fajl intc^ 
Group Va, neodymium (1^6) into Group ^a, anil so on. The 
properties of the metals, however, are ^ot «uch as would justify 
that arrangemcfnt. Cerium, it is tru^, ha^ a class of compounds (in 
which the metal is tetravaleAt) closely related to* the compounds of 
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zirconium and thorium ; indeed, cerium fori^s, in some respects, a 
link l^etween zirconium and thorium, ^nd for this reason is placed 
tty many diemists in Group IVa. oA the other ''haiyi, the more 
characteristic compouAds of cerium ? rd those in which the metal is 
tri valent ; these closely resemfcle the compounds of lanthanum. 
Whatever argupients’may be addudO;^. in^favohr of placing cerium 
in Group IVa, there is very little to justify us in assigning to 
praseodymium and neodymium the vacant places in Groups Va 
and VI A. Prayl3odymium has but little in conlmon with niobium 
apd tantalum,' and neodymium has even less in common with 
molybdenum^ and tungsten. On the other hand, the characteristic 
compounds of praseodymium and neodymium are so similar to 
those of lanthanum that the two metals can only be separated from 
lanthan^im with, difficulty. The same may be said of the remaining 
rare-earth metals.. Any attempt to ’distribute them over the 
various groups of the Periodic Table ends in failure, '^lie properties 
of the elements do noj-, in general, correspond to those of any group 
except Group IIIa. In every case, the stable compounds are those 
corresponding. the oxide of the type M^Og, although in a few cases 
other compounds do exist. Praseodymiui'n 'and neodymium, for 
instance, have higher oxides PrOsjNdOa, whilst in samarium there 
is actually a class of lower salts (SmCla, etc.). In ceiium, as has 
been stated, there are fairly stable salts corresponding to the oxide 
jCeOg, and these salts are similar to the salts of zirconium and 
thorium. For this reason cerium will be discussed in detail along 
with the tetravalent metals of Group IVa. 

The occurrence of the rare earth metals in the middle of the 
Periodic Table appears < it first sight to be a break in the orderly 
sequence of the elements, and it is certainly a little difficult to 
reconcile their existence wi,th the old notion of the periodic recur- 
rence of properties in the elements. It i}^ necessary to pl^ce them 
in a group by themselves in the centre of the Periodic Table, and 
to regard ^the orderly sequence of the elements as being suspended 
betA^een , lanthanum’ 'and tantalum. It is 'remarkable that at 
tantalunl the sequence recommences ; tanjalum has all the pro- 
perties of an element of Group \'a,' and the i»ucceeding element, 
tungsten, clearly belongs to Group’ VIa. Apart from the fact that 
the next element (which should ^belong to Group VIlA)'appears to be 
undiscovered, every .succeeding element has exadtly the properties 
♦which, its plage in the Perio^ip Table would seem to indicate, and 
no further “ failure ” of the table oteprs until uranium, the last 
of thp elements, is reached. 

It is clearly necessary tq abandon the old idea, wh/ch still survives 
in the minds of many chemists — presumably because the old- 
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fashioned eight-coljimn form of the Periodic Table still hangfe upon 
the walls of our lectui’e-rooms — that the properties of the elements 
recur regularly ^every eight ulements. It is necessary „to considevf 
afresh the experimentally proved ^p,cts in a sjiirit free from f)rejudice 
or convention. If this is donS, the interpolation of the large rare 
earth group of elements is fo^nd, not to be* a departure from the 
sequence of the elements, bht to be entirely coni^istont with it. 

Whatever form of the Periodic ^able is adopted, the inert jgases 
(helium, neon, arg®n, krypton, xenon and niton)omust clearly be 
considered to constitute a natural group. If we dejjne a “ period,” 
as the series of elements occurring between one inert ‘gas and tile 
next, we can — as was pointed out by Harkins ^-^express the 
sequejice of the elements in an orderly fashion, as fellows : — 

(а) Very Short Period ending in Helium . 2 Eb^ments, iie. 2 x 1^* 

(б) First Short Period ending in Neon . . 8 Elementsf i.e. 2 x 2^ 

(c) Second Short Period ending in Argon . 8 Elements, i.e. 2 x 2^ 

{d) First Long Period ending irf Krypton . IS Elements, i.e. 2 x 3^ 

(e) Second Lo7ig Period ending in Xenon . 18 Elements, i.e. 2 X 3® 

(/) First Very Long Period ending in Niton 32 Ek',r?^nts, i.e. 2 x 4^ 
(^) Second Very Long Period. Incomplete. — ^ 

In stating that the number of elements in the first very long 
period was thirty-two, Harlans assumed that there were exactly 
sixteen rare earth elements (including lanthanum) in the space 
between Jantlianum end tantalum. If we are to accept Harkin8'*8 
view of the periodic classification, we have to adopt the idea that 
two, and only two, rare-earth elements remain undiscovered.^ This 
is a most important point ; for the ckffejent rare earth elements 
occur in natuR) mixed together, and in very small quantities, and, 
being very similar in properties, are ditlicult to sepa|*ate from one 
another. Consequently,* only a few decades ago, it seemed an 
almost fiopeless task to decide how many of these elements remained 
undiscovered. Repeatedly, ip the history of the rare eafths, it has 
happened t^iat ar preparation, believed to be a*sftlt or oxide of a single 
metal, has been found, on careful fractionation, to bq a mixture of 
two salts or oxidet. Harkins’s* generalization, if accepted, would 
fix the total number of these g^ths definitely at sixteen* and limits 
the number tff undiscovered mbmliers to*twoV • 

Convincing evidence that the number of the rdrtf earths is exactly 

1 W. D. Harkins and R. E. J. Amer, Ghem. Soc. di (1916), *169. 

* The discovery of hafniurrJ^ if accepted, ji^duces the number to one. 

* See also R. Vogel, Zeitsch. Anorg, Ghem. 102 ^918), 177. 'Vogel differs 
from Langmuir regarding the position or the second undiscovered element. 
(Caution. — There are two misprints in the table on p. *194 of Vogel’s papej.) 



222 .ME^’ALS AND METALLIC COMPOUNDS 

*■ , f 

sixteen is afforded by the X-ri.y emission spectr^f. of' the elements of 
highef atomic numbers.^ If the number of' rare-earth elements is 
sixteen, thp atomic 'number of lanthanum being fifty-seven, it 
follows (hat the atomic number ^of tantalum is < * 

f- 

57 + *16 = 73, 

whilst the atonlic numbers of succeefiing elements will be 


I'ungsten ........ 74 

UndiscoveyM element in Group VIIa . . .75 

Osmium ' . . . . . . . . 76 

Iridium ^ 77 

Platinum . . « . . . . . .78 

Gold . " 7*6 


Now the , X-ray ' emission spectra of thsse elements is known, and 

accords with the values of the atomic numbers just given. On the 

other hand, if the number of rare-ej^rth elements exceeded sixteen, 

the atomic numbers ofthe various elements would exceed the values 

© 

suggested, and this would be inconsistent with the wave-length of 
the emitted ^^fTliys as experimentally determined. Moreover, the 
X-ray spectra of many of the rare-earth metals have been studied 
by Moseley, and are found to be consistent with the^ atoipic numbers 
assigned to them at the commencement of this section. The 
position of the lighter of the two missing elements is placed— afi a 
I’esultj of Moseley’s work — between neodymiuni and samarium. 

Harkins’s estimate of thirty-two for the number of elements in 
his first vmj long period may fairly be accepted. A simple 
physical explanation for^th^ occurrence in succeeding periods of 

^ 2, 8, 8, 18, 18 and 32 elements 

is suggested by Langmuir’s’ theory of the atom.- Langmuir has 
shown that, if the outermost electron^ of the atoms are ass'umed — 

. in the elements of the very short period'- to be situated on a 
spherical shell^ of radius r, 

in those rf the short periods to be situalied on a spherical shell 
of radius 2r, r , 

in those of the lo;ifuj periods to‘)be situated on a spherical shell 
of radius 3r, ‘ 

and in those of the very long periods to be situated on a 
♦* /spherical shell of radius 4r, , 

and if, in e^ch of the in^rt gsises (in which the outer shell is complete 

1 H. G. J. Moseley^ Ptitl Mag. 27 (1914), 703. ^ 

* I. Langmuir, J. Amer. Chem. Hoc, 41 (1919), 868. 
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and perfectly stable) the same area u assigned to each electron in 
each shell, then geometrical considerations demand that the nupiber 
of elements in each period mjist be the numbei‘s stated above. Fo.7 
further details of this theory^ the original paper must be consulted. 

Bohr’s theory of the atom is also* able to account for some of the 
facts regarding the unterpolatioii of the rarcj- earth group in the 
Periodic Scheme. It affords^ an explanation of ^he remarkable 
similarity of the elements to one another. It is impossible to 
summarize the argument here, and Bohr’s paper should be referred 
to.i . ' :: 

If the sixteen rare-earth elements arc written in order of atomic 
weights, gaps being left for the two missing elementf^, and a new 
line being commenced after the eighth element, we s^^em to get a 
natural classification, thus : — 


Ceuitjm t 

! r>7 

58 

59 

60 

61 

62 

* » — 

6.*) 

64 

Family ( 

La 

Ce 

Pi* 

Nd 

— » 

m 

Eu 

Gd 

> 

i 

1 



— 

— - 

— 

— 

Yttrium f 

! 65 


67 

68 

69 

70' 

71, 

— 

Family \ 

1 Tb 

1 

Hy 

Ho 

Er 

i 

Tu 

Yb 

Lu j 

— 


'I'he first row consists of the so-called cerium family, having 
insoluble double potassium sulphates ; the second row consists of^ 
the yttrium family with soluble double sulphates. In each tow, 
*the ( lements with distinctly coloured compounds occur near 
the centre ; the salts of metals at each end of the row have their 
absorption bands mainly outside the vlfeibV^ part of the spectrum 
and there is liftle or no colour. The fact that tw6 metals with 
rose-coloured salts— neodymium and evbium — fall oife below the 
other, isi^worthy of note, 'although it may be purely fortuitous. 

Chemistry of the Rare-esfrth Elements. Owing to the rarity 
of the metals under discussion, the chemistry of their compounds 
has not been# fully in'\^estigated. In some cases^ the metal jtselfTias 
never been prepared, and only those properties of tho salts which 
are useful in separatfng one elefneftt from {mother have been studied 
in any detail.^ 

Owing to’tne general similarity * of prdpertfei^, a separate dis- 
cussion of each efement would involve mdeh repetition. Conse- 
quently, the more important pecyliarities of ea^h individual eloment j 
are given in tabular form Ijeibw, followed by a shoit generalized 
description of the chemistry of the group* as A whole. * 

• . * 

^ N. Bohr, Zeitsch. Phytt. 9 (1922), 1 f eBpecitelly page 54. 
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The Metals 

The metal^ in* such cases m they have been prepared, e^e grey' 
or yellow bodies, fusing at nioc^erate temperatures. They seem to 
be highly reactive, falling betweefi zinc and magnesium in the 
potential series, the probable ^o'rder being ' 

„ ^ ^ 'Nd 

Zn, Ce, La, , Mg. 

Their position, therefore, is comparable to that of aluminium, but, 
in the caSe of the rare-earth metals, the reactive character of the 
element is only to a small extent modified by the .p/tvsence of a 
protective oxide film. In consequence, the metals fqr the most 
part slowly decompose water, hydrogen being evolved. The 
hydroxide produced hinderf^, but does not put a iftop to., the re- 
action. With dilute acids, hydrogen is evolved Very readily, the 
salts being produced. The metals burn when heated in air, and 
tend to oxidize at ordinary temperatures. Vlost of the metals 
yield pyrophoric materials ^yjien alloyed with iron ; that is to say, 
the alloys give off white-hot, luminous sparks when fiied or ^cra])ed, 
owing to the rapid oxidation of the fragments of metal that fly off. 
But in most cases, the pure metals are not pyrophoric, probably 
because they' are iV)o soft to give off the necessary splinters when 
filecii 

Some of the metals, notably gadolinium, terbium and dysprosiqm, 
are strongfy paramagnetic. 2 In this, and certain other respects, 
the rar(vearth metals seem to be allied to the “ transition elements ” 
(iron, nickel, cobalt, etc.) which stand in^thc centre of the Periodic 
Table. ‘ , 

The preparation of the metals is most easily brough):- about by 
the electrolysis of the fused chlorides. The electrolysis may be 
carried oiit in a graphite cruc^^le, which forms the cathode. To 
minimize the absorption of carbon by the metal, it is bencdcial to 
cover the sides of the crucible 'with a layer oj, alundum cement, 
leaving the bottom bare.^ Th© presence of moisture in the bath is 
very prejudicial to tjie yield, and, great care must be taken that 
damp air has no access to the eleqj-rolyte. The anhydrous chloride 
is best obtainedjby heating the hydrated chbrid^ with ammoniurh. 
chloride. ^ ^ ^ ^ 

In some cases, the metal is more eajjUy prepared by the action 
of sodium on the fused chloride, heat<^d in vacuo. 

^ B. Weiss, Zeitffch. Elektrochem. 14 fl908), 649. « 

* B. Urbairi and G. Jantsch, Comptes Rer^d. l47 (1908), 1286. Comjwe 
E. Wedekind, Ber. 54 (1921), 263. . ' 

* J, F. G. Hicks, J. Amer. Chem. Soc. 40 (1918), 1619. 

M.C.— VOL. II. 
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Compounds 

The o:lides (MgOa) or earths (popularly known “ Unthanay^ 
“ yttria,'" etc.) are formed, of coureie, Vhen the metals are heated in 
oxygen. They are in most cases conveniently obtained by heating 
the nitrate pr oxalate. The hydroxides are thrown down as 
gelatinous precipitates when a^nmonia or caustic soda is added to 
the solution of the salts, in the presence of ammonium chloride, and 
are usually the same colour as the salt solutions. They differ 
from alumimum hydroxide in being insoluble in alkab^. When 
heated they yield the oxide. Higher oxides are known in the case 
of a few of the metak, being obtained by heating the nitrate or 
oxalate in air. By heating praseodymium nitrate with hitre, a 
blackiih oxide((Pd02) is obtained ^ ; neodymium also forms a higher 
oxide. ' When terbium oxalate is h(^‘ated, a red-brown body of 
rather variable composition is produced, to which the formula 
Tb407 has been assigned.^ - 

The Salts are mostly soluble compounds, which are colourless in 
some cases, tut are rose, green and yehow in others ; .the absorption^ 
bands hre in most cases characteristic, and* serve for the detection 
and distinction of the metals. The appearance of colour is another 
fact which suggests that the rare-earth elements are related to metals 
standing in the centre of the Periodic Table. The chlorides, 

, sulphates and nitrates are soluble crystalline solids ; the anhy- 
drous chlorides have a considerable affinity for water, but differ 
from aluminium chloride in being comparatively non-volatile. The 
carbonates and oxalates are insoluble and are obtained by 
precipitation. ^ 

The sulphides can in some cases be obtained mfost easily by the 
action of ' carbon disulphide on the oxide. Lanthanum and 
praseodymium sulphides are prepared by the action of hydrogen 
sulphide gas on the dry sulphate.^ They cannot be prepared by 
precipitation from aqueous solution. In both these cases, besides 
the noi;mal sulphides, La2S3 and Pr^Sa, disulphides and PrS^, 
are knbwm^ « 

Most of the metpls fqrm yell6wish nitridefe (of general formula 
MN) which yield q^mmonia wheit treated with water. 

Several of tl^e' metals form double sulphates Vith potassium, 
which are almost insoluble in strong solutions of potassium sulphate. 
Trivalent aerium behaves'^‘ln tl^is way. If a solution of cerous 
sulphate, 0^2(804)3, is treated witk jxcess of potassium sulphate, 

‘‘4'' ' B. Brauner, Proc. tUiem. Soc. 14 (1898), 70; 17^^(1001), 66. 

^ G. Urbain,‘ Rend, 141^1^06), 521. 

* W. Biltz, Zeitsch. Anorg. Chem, 71 (1911), 427. 
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practically the wliola of Jhe cerium is jfrecipitated as the double salt 
3X2804.002(804)3 or itg [06^804)3]. Analogous ^insoluble dcmble 
sulphates are^forlned in thexase of all the known eleiflen^s with* 
atomic numbers between 57*a^d 64, namely lanthanum, cerium, 
praseodymium, neodymium, samaridm, europium, and gadolinium. 
The other metals of the group,* namely the efemen^s with atomic 
numbers between 65 and 72 — ^iis wgll as yttrium — are not precipi- 
tated by potassium sdlphate in this way. This fact is of extreme 
importance, because it enables us to divide the metsJ^^ into the two 
natural fj^ilies which have already been referred to : — 

(1) the Cerium family, which is precipitated bj> potassium 
sulphate : — • 

• La, Ce, Pr, Nd, Sm, Eu, Gd. 

and (2) the Yttrium family^ which is not precipit^ftcd : — 

Sc, y, Tb, Dy, Ho, Er, Yb, Lu. 

It should be mentioned that both gadoliniuijii and scandium lie 
somewhat on the border-line lietween the two groups ; gadolinium 
is largely preyipitated aloia^ with the cerium familv but partly 
appears in the filtrate ’alDng with the yttrium earths. 8(^ndium 
is, to a considerable extent, precipitated by potassium sulphate, 
but is not precipitated by sodium sulphate. 

Analytical 

- The rare earths are precipitated under the same conditions as 
aluminium, namely by ammonia in the presence of ammonium 
chloride. They can be separa'ted froei ^iluminium, iron and 
chromium, by pfbeipitation with oxalic acid in weakly Acid solution. 
Oxalates of the rare earths are insoluble^ in acids andjare thrown 
down under these conditions, the other metals mentioned remaining 
in solution. Oxalates of thofium and zirconium may also be 
precipitated under thes^ circumhjjtancea, but can be largely Removed 
by boiling the precipitate with ammonium oxtdAtc solution^ whiCh 
dissolves zirconium and^most of the thorium. • • 

The rare earth metals can thus lie separated quantitatively from 
other metals (except thorium) in^tllis comparatively simple mannej. 
They can alsc^ l^e separated into Ibhetceriuni and yttrium families 
more or less completely by precipitation oi the ^Iphates with 
potassium (or sodium) sulphate. Ther^fe, howe.ver, no satisfactory 
method of carrying the separation any further. If a knowledge of 
the amount of the individual iietale present in a mixture is»desi^e^, 
it is necessary to# apply the labprious •me^ods of separation dis- 
cussed below in the section* headed “ Isolation of rare-earth 
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metals from mineral 8ource^>,” endeavourifig, iby preserving all the 
fractions of the ihaterial, to render the ultimate separation complete 
and q;iawtitative. ' This is, as a matter of fact, vpry nearly im- 
possible. ^ • 

In certain cases a rough idea of the amount of the coloured 
elements present can be obtained^by t]ie study of the absorption 
spectra of the salts. ^ 

4 

f* Ter EESTRIAL OCCURREN^JE 

The small quantities of rare-earth elements present in rock 
magma teiid to accumulate in the liquid portion during the process 
of consolidation, and arc to be found in the minerals connected with 
the final stage of the process. Cerium, and the metals of the cerium 
family,, occuri^in notable quantities iv certain granites, and in the 
sands and gravels which have been formed by the weathering of 
those granites. For instance, tl)e mineral 

Monazite, usmlly written (Ce,La,Pr)P04, hut cojiiaining also thorium^ 
occurs in ceiiain sands found in Brazil* Bulia, Ceylon, *and elsewhere 
these shnds are eagerly sought after as sburees of thorium. Other 
important thorium ores, like thorianite, contain cerium. In addi- 
tion, the hydrated silicate i 

Ccrite ^ . . . Ce2Si04.a;H.,0 / 

ocr;ur8 in gneiss in Sweden ; besides ceriiyn, it contains about 7 
per cent, of lanthanum, praseodymium, neodymium and samarium. 

The yttrium metals have a similar mode of origin, and appear to 
have been evolved, ii^ pa/’t, alon^ with the vapours given off during 
the final stage of consolidation of an intrusive m?Lss. The silicate, 
which has-been mentioned in the section on beryllium, 

Gadolinite . . Be oFe (¥0)2(8104) 2 

occurs, in pegmatites. It contaiiis, besides yttrium, the other 
elements of the yttrium family. •• 

Many other minerals contain fhe rare'’ earths, ' especially the 
complex i^iobates 4 

Samarskite C A complex niobate and tantalate of iron, 
^ calcivm and the rare-(?.g.i;th metals. 
Euxanite A complex niobate ai\d titanate of the rare 

..vearths and uranium. 

Moreover (traces of rare-earth ipetals occur in many common 

4 

' ^ The formula is tliat Auggpted by Crookes, who adds, “ the true com- 
position of the mineral is cnly known approximately, aitd in its structure it is 
anything but homogeneous.” 
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minerals, and are oica^onally the eifuse of coloration. Certain 
specimens of apatite have a red-violet colour, comSionly attributed 
to manganese. I buU really duetto neodymium.^* Yttrium*is*a par-' 
ticularly widely dis'tributed de^errt.^ Minerals like strontianite, 
witherite and aragonite often contain f)*05 to 0*2 per cent, of yttrium. 
One specimen of pink boral.was ffmnd to contaih 0-5 per cent. 

Scandium, and several other Vare^^arth elements, occur in small 
(quantities in certain tungsten ores found in Saxony. The siliclite 
of scandium, known as 

• Thorveitite .... Sc 28120;, 
deserves mention, in spite of its rarity, because it is ,a l;onvenient 
source oj scandium.^ It is found in certain* Norwegian j>egmatites 
and also in Madagascar. Thorveitite contains small (quantities of 
yttrium and ytterbiiin), but is nearly free from the nftembers of the 
cerjum family. 

Isolation! ok Rare Eaijths from Mineral Sour(;ks 

It is fortunfltely not necessary for any technical qnirposes to 
carry out the complete seq)aration of the various rare-earth minerals. 
Crude cerium oxide, containing oxides of other rare-earth metals, 
is obtained as a bye-product of the thorium industry. The mixed 
oxides are reduced to the metallic state, the q>roduct o})tained being 
knowji as mischnetalL It contains most of the rare elements 
in vaiying q^ropoI'tions. Mischmetall is alloyed with iron, yielding 
a qiyixjqjhoric material which is used in the manufacture of “ flints ” 
for pcx’ket cigarette-lighters and# similar purposes. This matter, 
and other speci^J uses of cerium, will be ccflisidered further at a 
later stage (qiage 267). 

Apart from cerium, the only rare-eartlf metals which have any 
technical miployment are q)r|iseodymium and neodymium. A 
mixture of the oxides of these two metals (known as didyinio>) is 
utilized for the q3roductkm of th^ q>ink letter! ng^that may be se<;^i 
on gas-mantles. • 

The ultimate separati(fn of the^ different rare-earth •elements ^ 
has, therefore, been carried out ipainly a^f a lAatter of research. 
The details of th(i method naturally* depend on th» ^mineral chosen as, 
the source, and ujxui the nature of tlfe other ^metals tprqjjent in it. 
Silicates may be decomposed with achj.if reduced to sufficiently 

• • 

» E. T. Wherry, J. Wash. Acad. S^i. 7 (1917), 14:L 

2 Sir W. Crookes, Phil. Trans. t74 (k883), 891? * 

® P. and G. Urbain, Comptes Pend. 174 (1(J22),*1310. 

* See C. James, J.^Amer. Chem. aSV.* 30 (i908), 979, for a comqjlete scheme 
of separation. * 
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fine powder. Sulphuric acid brings about, the- decomposition most 
quickly in 8om^‘ cases, hydrochloric acid in others, whilst the 
’ niobate-tsEntalate minerals dissolve ^M^est in hydpfiuoric acid. 
Fusion with potassium bisiilphate l^as also found application. The 
residue, after evaporation to dYyness, is extracted with water and 
filtered from )iilica.' From the neutralized solution, most of the 
foreign metals can be precipitated by ammonium sulphide, and the 
filtf ate from this operation contains the rare-earth metals, including 
cerium. It i^'best to precipitate them all together as the insoluble 
oxalates by adding oxalic acid to the faintly acidified solution. 
Should thorium and zirconium be present, the oxalate precipitate 
should he boiled with, ammonium oxalate to dissolve out these 
metals. The insoluble oxalates of the rare earths are then converted 
to the sulphates by heating with strong sulphuric acid, and the 
hydroxides can be obtained by precipitation with alkali. 

In many cases it may be found convenient to use the “ earthy 
residue ” obtained ip the technical extraction of thoria from mona- 
zite as the starting-point for the preparation of individual rare- 
earth metal^ ' , , 

It is 4 possible at once to separate the yuembers of the cerium 
family from those of the yttrium family by precipitation of the 
sulphate solution with excess of potassium sulphate or sodium 
sulphate. The cerium family, it will be remembered, form insoluble 
double sulphates of the type M 2(804)3.3X3804, and can thus be 
removed by filtration ; the yttrium family ?tre found in the filtrate. 

It is also a simple matter to separate ceiium from the other 
metals belonging to the cerium family, by taking advantage of the 
fact that cerium fornjs a higher oxide with very feeble basic pro- 
perties. Th^^ mixed hydroxides arc dissolved in*^nitric acid, and 
stirred with excess of zinc oxide and potassium permanganate. 
The cerium is oxidized to the ceric state, and is at once precipitated 
by the zinc oxide ; the other metals remain in solution in the 
trivaleht condition. 

But, having dhided the metals into the two main classes, the 
furthei separation becomes most tedious and difficult. No method 
is known by which any two of th j metals can Ic separated in a single 
operation. All that can be dorfj .is to apply some such process as 
fractional crystallization or# fractional precipitation, in order to 
separate Che ' materixl into different portions respectively richer 
and poorer in some one 'Metal, the richer fractions being treated 
again in the same way. By repeating the operation sufficiently 
often, a comparatively pure compouiid of the metal in question can 
finally be obtained. Jhe ''difficulty of the process is not merely 
due to the similarity in chemical pioperties of the different metals, 
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but also Jx> the* fact that it is v^ery Ijard to tell, at the end ’of the 
operation of fractional crystallization, what progress — if an^— has 
been made in concentrating! the desired metfd in certain fraction^. 
Where the metals, form coloured splits with cjiaracteristic absorption 
spectra, the spectroscope can behised to estimate roughly the amounts 
of the various metals in differopt fractions, aud the#work is greatly 
facilitated. In other cases, tJie spark spectra, or phosphorescence 
spectra, have been used as a guide ifo enable the chemist to “ follow ” 
the progress of separation. In general, the pure substances are not 
phosphorescent, but a very small quantity of a sdl^ond rare-earth 
element is sufficient for phosphorescence. The phosphorescence 
of a rare-earth mixture is conveniently excited by qjkfwing cathode 
rays to play upon the preparation. More recently ^t has become 
customary to study the magnetic properties of the fractions, using« 
the results to estimate th« approximate quantitie!^ of the 'different 
earths in the various fractions. * * 

Where one of these methods^ can be adopted, the chemist who is 
endeavouring to effect a separation of the efifferent rare metals is 
not working completely ^ ip the dark. But unless some physical 
method of the kind^U*^*be found to guide the chemist^ the only 
method is to determine the average atomic weight of all the different 
fractions obtained after a series of fractionations — obviously a most 
tedious process. 

•The details of a process of repeated fractionation cannot be 
described in this book, but some idea must be given of the systeffi 
em|)loyed. Suppose that we start with a crude mixture of salts 
(shown as in the tabic below) and desire to employ fractional 
crystallization to separate it into its ipore soluble and less soluble 
constituents. • It is dissolved in hot water, and jthe solution is 
concentrated and cooled so as to allow about half the ^alt to crystal- 
lize. The mother liqqor Bg, contaifiing an increased quantity 
of the more soluble constituent, is poured off from the crystallized 
fraction, Bj, in which the less soluble constituent has become 
concentrated. EacJj of theSe fractions aree then crystalli^d a 
second time, so as to yield two portions ; but the m^st soluble 
portion from B^ nfixed v^tl^ the less soluble portion from Bj. 
Thus we get three fractions in |ill, Cj, C\ and C3. Each of these is 
crystallized f«fresh, and thus'the process^ corfliinues as indicate in 
the table below. , If, after a time, the “ njost solmbl^” and “ leewt 
soluble ” fractions of the whole seriee. become inconveniently small, 
the system may be modifie(J SomeA^hat; forinstanejb the “'head ^ 
and “ tail ” fractions ma^ only be fractionated at every alternate 
stage ; when Jhis modified procedmje is* adopted, the total rtilmber 
of fractions ceases to incr«a§e, but thfe least 'soluble constituent 
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gradually becomes concentl 'atfd in the portions near the “ head ” 
of the^series, and the most soluble in the porcions near the “ tail.” 
^Obviousl^p it may be convenient to uodify the *3ystem in many 
ways to ‘suit the requirements of individual cases, b£t the same 
general principles usually apply^ Practional precipitation is also 
conducted in a methodical mannsy, based upon rather similar 
principles to those employed in fractiDnaf crystallization. 
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Separation of the Metals of ,fhe Cerium Famih 

Cerium Uself is comparatively ea<sily sepqrated, as described 
above, owing to the V^oak basicity of ceric oxide. "Thii? leaves the 
nitrates of lar^hanum, praseodymium, Vieodyjmium, samarium, and 
europium in solution. *• o 

Lanthanum is conjparatively easily separated froi^ the others, 
owing to the ^f act ^that its hydVoxide has a more strongly basic 
character and is more sol^lble in the presence of ammonium chloride.^ 
£y slov/ly adding to » warm selutioin of the mixed chlorides (con- 
taining ammohium chloride) small ^qntities of ammonia (also 

^.4 «' 

'f; Rauchenbeilgcr. Bfj. 53 (1920), 843 v Zt^Kh. Anorg. 
GfiBWi, 120 (1921), 120! « 
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containing ammonii^m phloride), the teoltition being stirred during 
the addition, practically all the less basic and less A)luble hydro#cides 
are separated ini the first portions, and comparatively* pyre Ian* 
thanum chloruie is left in selution ; the laftthanum can then be 
thrown down as hydroxide by arfdin^ a further quantity of ammonia. 
The various fractions* of tlje pre 4 ;f[)itate are redissolvSd in acid, and 
the fractional precipitation p^ocesj is rej)cated, until sufficiently 
complete separation has been arrived at. • 

Alternatively the whole of the metals present can 'be precipitated 
as the hydroxides, which are then treated with small quantities 
of bromine water ; the lanthanum dissolves most freely in the 
first portions, and by repeating the process two or three* times, pure 
preparations of lanthanum, free from the other metals, are obtained.^ 

Of the less basic metals members of the cerium family praseody- 
mium, neodymium, samarimn, europium and gadolinium,, the first 
two are always present in the largest quantities. The separation 
of the five metals is accomplished by ropeat(jd fractional crystal- 
lization as : — ^ 

{a) double ammonium titrates of type 

• • M(N0d3.2NH4N0*3.4H20 ; 

(h) double manganese nitrates of type 

>■ 2M(N03)3.3Mn(N03)2.24H20 ; or 

(c) double magnesium nitrates of type 

2M(N03)3.3Mg(N03)2.24H,0. 

• '* * 

^ The order of solubility is the order of atomic weight, the praseody- 
mium salts being the least soluble, and the gadolinium salts the most 
soluble. 'Thus praseodymium tends to collect in the early crystal- 
lizing fractions, •neodymium in the middle frjfctions, whilst the three 
rarer elements tend to remain in the mother liqijor. Where 
praseodymium and neodymium are* to be prepared the am- 
monium cir manganese method^ are preferable. But if an attempt 
is to be made to obtain pure compounds of samarium, ^ europium,^ 
or gadolinium,^ the (Jbuble ma’gnesium salts ar^ more satisfactory. 
The separatictn of the two k.^;t named elements is particularly 
difficult. It happen^, Iftiweverj ^lat bismuth magnesium nitrate 
has practically the same solubility as the eiJlropium compound. 
By adding a pyiderate quantit/ of bismuth nit^^te to the solutiejj, 
most of the europiiyn crystallizes ou? along ydth ih^s bismuth, andi 

^ P. E. Browning, Cornptes Rend. 1^8 (1014), 1679.' • • 

* O. J. Stewart and C. James, J. Amer. Chem. Soc. 39 (1917)^2605 ; A. W. 
Owens, C. W. Balke and H. C. K#pmer^, J. Ame^e. Cfmn. Soc. 42 (1920), 515. 

* G. Urbain and H. Lacombe, Comptes Rmd. *138^1904), 627 ; C. Jtiities 

and J. E. Robinsoif, J. Amer. Chem» Soc. Sfe (1911), 1363. * 

* L. Jordan and B. S. Hopkins, ’J. Amer. Chem. Soc. 39 (1917), 2614. 
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can thus be separated witllit.r The subseqi^ent .removal of bismuth 
from ^.europium by means of hydrogen sulphide is comparatively 
easy. Qadnlinium iS best purified l^y fractional (yystallization 
as the dimethylphosphate, ♦ » • 

By patient fractionation all *!ihc Ifnembers of the cerium family 
have been prepared in a state of hjoderate piority. 


^Separation of the Metals of the Yttrium Family 


The yttrium* family occur together in nature in such minerals as 
gadolinite and euxenite, but the separation of the different members 
in a pure stkte is a most tedious operation. 

Yttrium is by far the most abundant clement of the family, 
and is probably most conveniently separated from the other metals 
by fractional precipitation of the metak as chromates, through the 
addition of potassium chromate to a solution of the oxides in 
chromic acid.^ The chromates of the heavier metals are most 
insoluble, and yttrium tends to aceuipulate in the filtrate, but the 
method must be repeated a large number of times before pure 
yttrium ^salts can be obtained. For the removal of the last traces 
of erbium and holmium, fractional precipitation with sodium nitrite 
is said to be the most efficient method.^ 

Many alternative separation methods are known for concen- 
trating the other earths of the yttrium group. All are len^ohy 
and, troublesome. By repeated fractional .crystallization of the 
formates,^ three principal portions are obtained. Of these, thor 
lightest and most soluble portions can be worked up to give pure 
yttrium salts, whilst from, less sohible portions other members of 
the family have been isolated. 

A more general method of separating the individuals of the 
yttrium family is by fractional cryvStalliz^tion as bromates.'* The 
rare-earth sulphates can be converted to bromates }3y double 
decomposition with barium broraate. The order of the solubility 
of «the bromates is gj.ven below ; it* is roughly the order of atomic 
number^, except that yttrium and ’scandium (which have much 
lower atomic numbers than the ptfiers) ai^e ovt of place : — 

(^Least soluble) Tb, Dy, Ho, Y, Yt + Lu, Sc (most soluble). 

'fhe fractionatioi] of thfe bronfates is continued until about twenty 
* fractions are olbtainedl These can be classified as : — 


* ♦ U ' II 

1 J. E. Egati and C. W. Balke, J. Amec. Ohem. Soc. 35 (1913), 366 ; H. C. 
Holden and C. James, J. Amer. Chem. So(f. 36 (1914), 642. 

? B. S. 'Hopkins and'C. V.". Balke, J. Amer. Chem. Soc. 38 (1916), 2332. 

® 'A. BettendorfE, Lieb. 352 (19.07), 88. ' 

, ^ * C. James, J. Amer. Ohem. Soc. 30 (1908), 182, 979. 
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(1) L^ast soluble flections ; alm^t liolourless yttrium bromate, 
containing traces of terbium, and usually small ^imounts of S/n, Eu, 
Gd, belongijig to the ceriu^n family. 

(2) Yellowish •fractions consisting of impure ytmum oromatc, 
which shows the absorption ftandfe of dysprosium and holmium. 

(3) Pinkish fractions,, cons^ting of yttrium briAnato containing 

erbium. * 

(4) Fractions of yttrium bromate containing thulium, but still 
coloured pink wiMi erbium. 

(5) ]\Jost soluble fractions. Mother liquors containing ytter* 
bium with lutecium, scandium, and also some thulium. 

From the different fractions, the different elen^iffs can be pre- 
pared in special ways. The least soluble portions oi the bromates 
can be rccrystallized again, and, with patience, fairly pure bromat»« 
of terbium is obtained.'* It is, of course, necessary t(^ start with 
a very large, amount of raw material, if any appreciable quantity 
of terbium salt is to be prepared. 

The separation of dysprosium 2 from ttie kindred elements is 
best finished by mean§ of the fractional crystallization of the 
“ ethylsulphate ” from alcoholic solution and at a fairl }4 low range 
of temperatures (9-40° C.). The process is very laborious. About 
sixty recrystallizations may be needed in this final stage of the 
process alone, and the product will still contain traces either oi 
nolmium or terbium. 

The isolation of holmium salts ^ is especially difficult on aj?couht 
of the minute quantities in which the element occurs, and on account 
of its close relationship with yttrium, which is generally present ir 
comparatively large quantiti^s. Tlu^ fact that yttrium salts an 
colourless aiTM show no absorption bands in spectroscopic examina 
tion makes the separation particularly difficult to^. follow. Frac 
tional precipitation with sodium nitrAe is said to give fair results 
whilst 'fractional crystallizution as nitrate, and fractional pre 
cipitation with ammonia have been employed. 

Erbium ^ is. present in considerably larger quantities than hoi 
mium, and has been obtained in the form of quite pureValts. Th< 
separation from yttrium, whi<;h is naturally the main impurity 
can be brought about by fractional precipitation with sodium nitrite 

A C. James and»L). W. Hissel, J. Amer. Vhem. iSot. «b fl»14), liObU. • 

^ G. Urbain, Gomptes Rend. 142 (1906)^^(85 ; H. C. Kromers, B. S. Hopkin 
and E. W. Engle, J. Amer. Chem^Soc. ^0 (1918), 598. • . • 

* L. F. Yntema and B. S. H(^mins, J. Ajner, Chem. Soc* 40 (1918), 1163 

0. Holmberg, Zeitsch. Anor<f. Chejn. 71 (1^11), 226; H. C. Kreraers an< 
C. W. Balke, J. Amer. Chem. Soc. 40 (1918)^ 59:f. * • 4 

* E. Wichers,*B. S. Hopkins and C. W.^alk^, J. Amer. Chem. JSoc. 40 (1918) 

1616. 
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An older method which g.iesrgood results js tp fuse th^ mixed 
nitrate^ of yttrium atid erbium, so as to cause partial decomposition. 
, It ois found othat erbium nitrate decc^piposes more easily* than 
yttrium nitrate. If, therefore, the nai'tly decomposed mass is 
extracted with water, and the Kquitl obtained is filtered, so as 
f to separate the i^olublo nitrate from Jthc insoluble basic nitrate or 
( oxide produced by the decomposition*, the yttrium will tend to 
becomi concentrated in the filtrate, and the erbium in the 
insoluble residue ; the residue is reconverted to, nitrate, and the 
■ process is repeated.^ 

Thulium^ can be separated in a fairly pure state by oft-re}>eated 
recrystallizatioh <as broraate. Being present in minerals in only 
very minute quantities, it is necessary to start with a very large 
amount of raw material. 

Ytterbiupi, luteteium and scandium oOvUir in the most soluble 
fractions obtained by the bromate method. Scandiurri, although 
generally regarded as a member of the yttrium family, has a double 
‘ sulphate much less soluble than ytterbpim, and by saturating the 
neutral solutions with potassium sulphabo,^ the double sulphate of 
scandium jj^id potassium is precipitated.^ .T*he filtrate contains 
ytterbium and lutecium, and can be precipitated by oxalic acid to 
give the oxalates, which are then ignited to give the mix;ed oxides. 

The mixture of oxides of ytterbium and lutecium thus obtained 
was regarded until about 1905 as a pure substance, being called 
ytterbi(\. But between 1905 and 1907 Urbain i carried out a long 
research which enabled him to show that it consisted of two com- 
ponents. To the major component he gave the name “ neo- 
ytterbium ” to distinguish it from the mixture previously styled 
ytterbium, whilat the newly separated minor constituent he called 
lutecium. Uqljain’s method of separation consisted in crystal- 
lizing the mixed nitrates from* a solution containing fn^e nitric acid, 
the progress of the operation being So] lowed by measurihg the 
magnetic properties of the various fractions. About two hundred 
scries of recrystallizatiej;is (involving 4,000 separate /crystallizations 
in all) werft needed before pure neo-y1?terbium could be isolated, 
the work occupying about two y(^>TS> Luteciim has not been 
prepared pure. 


modification cK this pfocoss is described by P. H. tM. P. Brinton and 
C. James, J. Amcr. Chem. Soc. 43i(%^921), 1397. 

C. James, J. Amer. Chem. Soc. 33 (19^1), 1332. 

* C. James, J. Amer. Chem. Soc. 30 (1908),%991. Other methods of obtain- 
ing scandium are described by EV J. Meyej^ Ze^sch. Anorg. Chem. 86 (1914), 
257 ; R. Hind ^5. Urbain, C^mptls Rend. 174 (1922), 1310. 

* G. Urbain, ComptesRend. 145 (1^07), 759 ; J. Blumenfelcf and G. Urbain, 

Qo^ptes Rend. 159 (1914), 323. • 
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The two “ Elements. Y tl is natural to ask whether 

any of the recent researches on the rare earths have pointe(J to the 
existence the two undiscovered rare-dhrth metals ^ Several 
“ new elements have indeed been described from time to time,, 
but, in most cases, they w^re probably really mixtures.^ It is 
doubtful whether uny ,well-sii{>ported claim has ’been made— up 
to the time of writing — toHhe discovery of the* missing element 
between neodymium and samarium. But recent researche-s seem 
to indicate that the element of atomic number 72 exists in quite 
imporhpit quantities (up to 10 per cent.) in certain zirconium minerals 
found in Norway,^ and elsewhere. A study of the X-ray spectrum 
indicates that the atomic number of ^be new^nc*tal is actually 
72. ‘The new element has been named Hafnium . « The chemical 
properties of hafnium — so far as they are known — seem to b<? 
extremely similar to those of zirconium, the ^el^nlent jvith which 
hafnium is Q-ssociated in nature ; it seems, therefore, that hafnium 
must properly be regarded as a member^ of Group IVa rather 
than as a rare-earth elemevt. If so, we can say that the “ orderly 
sequence ’ , of the eleip^nts in the periodic table commences, 
not at tantalum y^iroup Va) but at the preceding element, 
hafnium (Group IVa) ; it is interesting to note that this is quite 
consistent ;a'ith Jthe Bohr theory of the atom. 

* ^ See for instance C. A. von Wolsbach, Zcitsch. A norg. Chem. 71 (1911), 
439; MonaUh. 34 (1913), 1713; Lich. Ann. 351 (1907), 458; compJto 
(i. Urbaln, Zedscfi. Anorg. Chvtn. 68 (1910), 230; J. Bliiinenfd^d and 
G. Urbain, Coniptes Rend. 159 (1914), 323. 

2 D. Co.stor and (J. Hevesy, Nature 111 (1923) 79, 182. Compare A. Scott, 
Trans. Chem. See.. 123 (1923), 311.» G. Urbain and A. Dauvillier, Nature, 111 
(1923), 218. 
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ACTINiyM 

Atomic , weight 226 

< 

Ac+inium, the last member of Group IIIa, has been mentioned 
in the chapter on radioactivity. It is probably ‘a product of decay 
of uranium, the immediate parent being the unisolated ^ element 
eka-tantalum. Although we know that actinium must give off 
/3-rays when ft gives rise to radio-actinium, yet the radioactivity is 
so feeble that»it is often described as being ray less. The ao^tivity 
"of the so-called “ actinium preparations ” is almost entirely due 
to the dej^cendafits of actinium. 

Chemically speaking, actinium has little interest. ,It resembles 
lanthanum so closely that it would certainly be described as a 
“ rare-earth element,’^ if it happened to occur mainly in the same 
minerals as the other rare earths. Tlie, salts are colourless, and 
resemble /hose of lanthanum in their appe«>rance and solubility 
relations. The hydroxide is gelatinous, and slightly more strongly 
basic than that of lanthanum. 

Actinium occurs in pitchblende and other uranium ores, having 
been formed, probably, through the radioactive transformati6n 
of wljat were originally uranium atoms. Frc^m the acid, solution 
of pitchblende, the radium (with lead and barium) may be pre- - 
cipitated as sulphate, and then the polonium (with bismuth, etc.) as 
sulphide ; finally the actinivm (with iron, lanthanum, etc.) is pre- 
cipitated with ammonia. If the mixed hydroxides aie worked up 
as though for ^he separation of lanthanum, the actinium is separated 
with the lanthanum. Finally, when a fairly pure lanthanum- 
actinium preparation has been obtained, the two metals kre con- 
verted to Urie state of double magnesium nitrates, by the fractional 
crystallization of which a partial separation* of ^lanthanum and 
actinium h p^ossible. *■ 

When first separated, salts of ao/Inium are soarcely radioactive, 
but the activity increases steadily as the preparation is stored owing 
to 6:e formation of /the^produ/ds 'of decay. After *jrome months 
a preparation oi b,ctin^um has very remarkable “emanating” 
power, giving off the radioaljtive gas “ actinium emanation.” If 
an old actinium preparation is heBi^up near to a zinc sulphide 
screen, the ^ screen becomes lumino\i8 whenever the slight currents 
existfrjg in the air happen to blow the emanation oi/. to the surface 
,of the screen. 



GROUP IVa 


Titanium 

Zirconium 

Cerium 

Thorium 


Atomic Weight. 
48-1 

. 140-25^ 

. 232 15 


The elemeifts of Group IVa usually exert a valency of four, form- 
ing stable oxides of the type MOo, although two members of the 
group, titanium and cerium,* also form lower compounds, in which 
the element tfs trivalent. •As in the case of boron, the oxides have 
an acidic, rather thaiTti basic, character ; titanium has^ much in 
common with silicon, and is often regarded as a non-metal. The 
basic chara(5ter df the oxide increases in the group with the atomic 
weight. 

The infusible character of the oxides, met with in the last group* 
is found ^gain in Gr5up IVa, and the tendency to form colloidal 
sobitions and gelatinous precipitates also recurs. The elements 
possess fluorides of type MF4, which combine with fluorides of 
potassium (or ^sodium) to form well-dc\ eloped complex fluorides of 
the typo 2KF.MF4, ^>1' 1^2 [MFg]. The occurrence of the common 
co-ordination number^ six, in the complex, is worth pointing out ; it 
will be Tjiet with frequerfbly in some of the later groups. 

The new element hafnium?^ referred to on page 237, appears to 
be properly a member of groivfi IV’^a. 


239 
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# 

TITANIUM 

^tomic weighi 48 T 

Titanium is frequently classed with the non-metals and will only 
be discussed briefly in this volume. The mojro important oxide, 
TiOa, is distinctly acidic in character, and forms titanates resem- 
bling closely the silicato. Nevertheless basic propertied* are not 
wholly lacking, ior sulphates derived from both oxides have been 
obtained in the colid state. 

The Element 

The element is' not often met with in a state of purity. As 
usually prepared, it is a shining grey powder, or a steel-like mass, 
very hard and brittle. Pure titanium, . however, is fairly malleable, 
especially when hot. It melts at Titanium combines 

readily ^ith oxygen, nitrogen and carbon^at high temperatures. 
When burnt in air, a mixture of oxide and nitride is formed. The 
equilibrium value of the electrode potential of titaniunj is unknown, 
but, since titanium dissolves in dilute acids with evolution of 
hydrogen, it clearly falls on the “ reactive side ” of hydrogen in the 
Totential Series. 

Laboratory Preparation. The difficulties connected with the 
preparation of elemental titanium are due to its great affinity for 
oxygen and other non-piet^*Is. When the dioxide (TiOa) is heated 
with sodium, for instance, the product still contains bxygen ; when 
reduction wdth carbon is attempted, the product usually contains 
carbon. Often when oxygen and carbon have been eliminated, 
the material produced is found to taken up nitrogen', and for 
a long flmc titanium nitride was actually regarded as metallic 
titanium. Howevef, by heating titanium chloride in a special 
form of 6on\b with sodium, beads of fairly pure titanium have been 
obtained.^ By the careful use a hammer, '*these beads can be 
forged info small rods at a red heai. Another method of preparing 
titanium consists in "passing a mixture of titanium chloride vapour 
and hydrogen oPer sedium hydride, heated aV 400° C. By this 
method a grey crystalline ‘’f>owder, consisting of pure titanium, 
can be obtamed.^ ^ " 

'j ™ 

^ JVt. A. Ifunter, I2th '±nt. Cong. App. Chem. (1912), Sect. II, 125 ; D. Lely 
and L. Hamburger, Zeitach. , Ano'^g. Chem> 87 (1914), 225. 

* M. BUly, Compt'ea Rend. 15S (1914), 678. 
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uompounns 

The main compounds are derived from the two oxides.TLC/a and 
TiOg. The Armei; is basic, but t^e salts ar^ unstable, and act as 
powerful reducing agents. Ttte latter is both acidic and basic ; 
it forms titanates with alkalis, Jjut, on the othpr harM, forms easily 
hydrolysable salts with acids.* 

A. Compounds •£ Tetravalent Titanium (Titanic Com- 
pounds ^). * 

Titanic oxide, TiOg, is formed when the element or the lower 
oxide is heated in oxygen, and is a white JinfusibJ^ubstanee. In 
a hydrated form it is produced by precipitation from a titanate 
or titanic salt. The variety produced when a cold soluJsion of 
titanic chloride is treated Vith alkali is a voluminous vjliite pre- 
cipitate containing much water, and sometimes regarded as ortho- 
titanic acid, Ti(OH)4 or H4Ti04.^ When obtained by the hydrolysis 
of a boiling titanic chloride solution, a denser form containing less 
wat(T is obtained, frequently regarded as metatitanic acid, TiO(OH)2 
or HgTiOg. Whether t5r not these are definite compouiwb is still 
very uncertain. As often hapjx^ns, the voluminous form (“ ortho- 
titanic acid o’) isoreadily soluble in dilute acids, whilst the denser 
form (“metatitanic acid”), which is produced at a higher tem- 
perature, is only very slowly dissolved. It is quite possible that, 
the difference between the products obtained at different temjiera- 
tures lies merely in their state of aggregation (as in the case of 
beryllium hydroxide), the primary particles being bigger in the pre- 
cipitate obtained from a hot sofutioii. *\nJiydrous titanic oxide is 
almost unattacked by acids, no doubt on account df its compact 
character. 

Titanic acid is readily obtained as a colloidal solution. The 
solution of titanic chloride olStaiiied by dissolving titanic acid in 
hydrochloric acid is considerably hydrolysed, and if the majority of 
the hydrochloric acid is gradually removed by* dialysis, a^collotdal 
solution of titanic aci(^ is lett. If the liquid produ^d •contains 
more than about 1 ^er cent. o£ titanic aqid, i^ is apt to gelatinize 
spontaneously.^ 

By treatiiig»^otassium titanatS wiith a small'quantity of conCbti- 
trated acid, at ordinary temperatures, a ciear lic(bid*is obtaineef 
which gradually becomes opaque an^ •gelatinous. Tlje gelatinous 

^ Some authorities, including Ab^g, use term “ titanic ” for the 
compounds of tri valent titaniiun, reserving th* wo?*d " titanous*” fdl'^the 
unstable corapounts of divalent titanium.* » 

* T. Graham, Gomptea Rend. 59 (1804), 181. 

M.O.— VOL. II. 
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mass/ which consists esse/)rtia|ly of titanic apid, can be W£^hed on a 
filter^ ^ On boiliKg with water, it gives the 'ordinary form of meta- 
i^itanic acid. ‘ r . 

f * 

Titanates. The titanates are fonlied when ‘titanic acid is dis- 
solved in a solution of an alkstii, dr when the anhydrous oxide is 
treated with a fused alkali. Potassium titanate, K^TiOg, ob- 
tained by the method of fusion, Ls 'described as a yellow, fibrous 
ma^. A hydrate, KgTiOaAHjO, can be obtained by crystallization 
from a solutio^^ of titanic acid in caustic potash. The titanates of 
calcium (CaTiOg) and of iron (FeTiOg) are insoluble, {?nd occur 
in nature. 

Titanic SalbS/ As has been mentioned, the so-called “ ortho- 
titanic acid * is soluble in dilute acids. The solutions, which are 
colourless, are ^trongly hydrolysed, and in general the solid normal 
salt cannot be obtained by evaporation. Thus a solution in sul- 
phuric acid yields only a basic sulphate on boiling. • The normal 
sulphate, Ti(S04)2.SH20, is, however, obtained by the oxidizing 
action of concentrated nitric acid upoii titanous sulphate ; prepared 
in this way it is stated to have a yellowish colour. Similarly, the 
solution ‘‘of titanic oxide in hydrochloric acid contains to a small 
extent the chloride, TiCL ; but, since complete hydrolysis occurs 
when the solution is evaporated, the chloride must be Isolated in a 
different way. It is obtained when chlorine is led over a heated 
v-mixture of titanic oxide and carbon, and is found to be a volatile 
odolous liquid, boiling at 136 ° C., resembling the tetrachlorides of 
silicon, tin and germanium. The fluoride (TiF4) is formed in 
solution when “ orthotitanic acid ’’ is dissolved in excess of hydro- 
fluoric acid. It is difficulV. to isolate the simple fluoride from this 
solution, but^hen potassium fluoride is added, the complex salt 
potassium ‘ titanifluoride, KsTiF^, which has a rather low solu- 
bility ( 0-6 per cent, at 0 ° C.), separates oilt in thin colourless mono- 
clinic crystals. This salt is analogous to the silicofluorides and 
germinifluorides, and appears to ionize as a complex salt K2[TiF6]. 
Numerovs other titdnifluorides are ^known. 

B. Con? pounds «f Trivalenf 'Titanium * (Titanous Com- 
pounds). 4 ^ ' , 

4. Titanous oxide, TLOg, is obtained in the a^ihydrous condition 
when titanic oxide is heated in hydrogen ; it is black or reddish- 
'' broWn, according to the cdnditiop,s of formation. The corre- 
sponding hydroxide, Ti(OJI)3, is tlp:owt down as a brown precipitate 
by ‘the action of ammonia op a titanous salt solution. 

1 A. F. von der Pfordten, UelA Ann. 237 (1887), 213. 
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Titan<»us iSalts formed in scj[uti!(|n when the titanic salts 
are reduced by means of metallic zinc or by eldbtrolysis, or^when 
titanium dissolves in dilute %icids with the exclusion (ff air. Thfe 
solutions possess ^ violet colour* and have# strong reducing pro- 
perties, converting ferric to fer/ous Compounds ; a trace of titanous 
salt solution added td gold chloride causes a most intense coloration, 
probably due to colloidal gold® thig colour is visible at a dilution of 
1 in 20,000,000. Titanous salt solutions are oxidized readily by 
atmospheric oxygerf, colourless titanic compounds ]jeing formed. 

Several solid titanous salts have been isolated by the crystal- 
lization of the solutions. The sulphate, Ti2(S04)3.3H20, forms 
blue crystals. The chloride, TiCla. OHaO,, which been obtained 

by corfcentration of the solution in vacuo, possesses awiolet colour. 
The anhydrous chloride is formed by the action of hydrogey on the 
tetrachloride. The reactidli, 

2TiCl4 + H.> - 2TiCl3 + 2HC1 

is nearly complete at 1,200° C., but at lo\?er temperatures, an 
equilibrium is set up bct\^een the tetrachloride and trichloride ; 
the continuous formation df the latter at these lower temp^atures is 
only possible if it is removed from the vaporous phase as fast as 
it is formed. For instance, if a mixture of titanium tetrachloride 
vapour and 'hydrogen is passed through the annular space between 
t\w co-axial quartz tubes, the inner one ’being heated electrically 
to about 1,100° C, whilst the outer one is cooled externally with' 
^ v ater, a *red- violet powder, consisting of the trichloride (T1CI3) 
collects on the inside of the outer tubo.^ 

The presence of colour in thy titanous compounds is worthy of 
notice. We {Wways seem to obtain cofoin^d comp(junds when a 
metal departs from its normal valency. 

C. Othqr Compounds *of Titanium. 

A lower oxide, TiO, is said to be formed when titanic* oxide is 
heated with magnesijrtn to redness; a blacky powder is obtaiuod, 
but it may bfe a mixture, or perhaps a solid solution of oxygen in 
titanium. It is staged ^hat a Ji^rated form of the same oxide is 
obtained as a black precipitate ^en an acidifit^d solution •of potas- 
sium titaniflyqiide is reduced Vith sodium anlg^lgam. The coife- 
sponding chloride, TiC^, is obtained as a black*o» bnown powders 
when titanous chloride is heated at dC^0-700° C. in a current of 
hydrogen, 

2TiCl3^TiCl4 d-TiCU 

1 H. Goerges anti A. Stabler, Bar. 42 (l909>, 3200;, A. Stabler aiiH F. 
Bacbran, Ber. 44 (1911), 2906. * 
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The volatile tetrachlorid|i-* ptfsses away, whils^ the dichloride re- 
main^behind. Tkanium dichloride takes fire when exposed to air ; 
it‘ dissolves* in waterj giving a solutioCi which is at fi^st colourless, 
but which quickly deoomposes, hydrogen being evolved, and violet 
titanous chloride being produced. * 

Titanium Peroxitie. When hydrogen peroxide is added to a 
titanic salt, a yellow colour appears, clue to a higher oxide or a salt 
of such an oxide. If the solution contains alcohol, and is afterwards 
treated with ammonia, a yellow precipitate of the hydrated peroxide 
slowly separates.^ The peroxide is usually stated to havecthe com- 
position TiQ3.wH20, but recent investigations appear to suggest 
the formula 

Nitrides.^* Two nitrides of titfinium are known to exist. They 
can be formed directly by the action of pitrogen on the metal. At 
very high tempercatures, nitrogen will turn out oxygen from com- 
bination with titanium, and nitrides have actually been prepared 
by heating the oxidb in nitrogen in the electric furnace. The 
nitrides of titanium possess a metallic lustre, and were long mistaken 
for metallic titanium. 

Titanic nitride, Ti3N4, is formed by the action of ammonia 
on titanic chloride ; when, for instance, vapours of titanic chloride 
and ammonium chloride are passed through a fed-hot tube, the 
nitride is obtained as a copper-red crust of small crystals. Titanous 
'■nitride, TiN, is formed when titanic nitride is heated in a current 
of hydrogen, but is more readily prepared by the action of’ammonia 
upon heated titanous oxide, or even upon titanic acid ; in the latter 
case, the reaction is very slow because the titanic oxide must first 
be reduced tp titanou.^ oxide by the hydrogen ari^ung from the 
decomposition of ammonia. Titanous nitride is a brass-yellow 
substance ; The fine powd-er, when suspended in water, appears 
yellow by reflected light, and blue by transmitted lighti 

Analytical 

W hen* aii acidified solution containing, a titanium compound 
is treated with meti^llic zinc, a vift^-Tt coloratiofi (due to a titanous 
sa^t) is produced, 'fhis test is iiol^very delicate, as the violet colour 
is ‘far from intense ; probabiy fhe extremely intense coloration 
‘obtained by ac&ing gedd chloride to a titanous*” salt, recommended 
t primarily as, a test for gold,* V^uld serve also as a test for titanium ; 

• ^ i 

TL. L^Vy, Comptedt-Rend. 10/^ (18C9), 294. 

* M. Billy, CompUif! Retid. 172 (1921), 1411. 

® C. Friedfl and J» Guerin, Comptea Rend. 82 (*1876), 972. 

* A. Stabler and F. Bachran, BeV. 44 (1911), 2914. 
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but it must be rcnjen^ered firstly t jiatP Jitanous solutions oxidize 
very rapidly through contact with air, and secondly that jprtain 
other substajLces*, notably stftnnous salts, produce a coldrafion wiffi 
gold chloride. ' • • • • 

The fine yellow coloration p^odut;ed by the addition of hydrogen 
peroxide has also bobn used for*t*he detection titanium ; the test 
is not reliable in the presence t>f mjich hydrofluoric acid. 

Solutions of titanic salts are precipitated by ammonia, Along 
with iron and aluihiniura. Even without the adcjition of alkali, 
however^ titanic salt solutions containing acetic and sulphuric 
acids hydrolyse when boiled, titanic acid being precipitated. A 
method of separation from iron depends on^this h^d^ulytic reaction ; 
prolonged boiling (8-10 hours) is needed in order thait the precipi- 
tation of the titanium shall be complete.^ A rather similar jnethod, 
in whicli the titanium is precipitated by boiling a solution (^ntaining 
acetic acid and sodium acetate, has been applied to the separation 
of titanium from aluminium ; but the precipitation must be re- 
peated three times before th» separation is complete . 2 The separa- 
tion from zirconium is dii^tissed in connection with that element. 

Minerals containing likxnium are often very difficult to df^ompose, 
being usually unaffected by acids. It is customary to grind them 
very finely' anal /use with potassium bisulphate ; afterwards the 
fused mass can be extracted with water. ^ 

T^learly, in many of f he analyses of minerals published in the past,^ 
Ihe titanium oxide hah^been left along with the silica in the insokible 
n'sidue, and the weight of silica shown in the statement of the 
analysis includes titanium oxide. 

'TF.HRE.STBr A L OCC URR ENCE 

Titanium is actually or^e of the most Common elements mat help 
to coinpc.^e the earth’s crust but although it is very widely dis- 
tributed throughout rocks, titanium minerals are in must cases 
only minor consti^ue;^ls of thc*rock-mass. Iij practically all types 
of igneous roefk titanium compounds are met with. In ba$c rocks, 
which are usually ri^li i if iron, i^^ystallizes out as the iron titanate, 
known as 

• IRnenite . . F^TiOV 

Great masses composed mainly of ilmenite^ occur % Scandinavia 
and elsewhere ; the well-knowr^ “ ti^niferous iron oses ” consist 
partly of ilmenite, but partl;f of magnetite (Fej 04 ^ containing 

^ G. Streit and B. Franz, J. Prakt. Chem, 108 ^186^), 65. See also Z^ftch* 
Anal, Chem. 9 (187T)), 388. . ' - * 

« F. A. Gooch, Chem. News, 521(1885), 68. 
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titanium as an impurity. |i3[n i|ocks of a less b^ic character^titanium 
usually crystallized out as the calcium compound known as 
* * ‘ Sj^hene (titanite) . CaO.TiOa SiQ^* 

Where the magma has been doficie^iit both in calcium and iron — 
as in many acid roefe^ — free titante^oxidejnay be produced. This 
occurs in thred crystalline forms c 

^ Rutile (tetragonal) j 

!^rookite (rhombic) [ . . * TiOg 

Anatase (tetragonal) j ^ 

Rutile is thd’fqm commonly found in fresh granites, but the other 
two are foriped uy seedhdary changes and are not uncomipon in 
altered rocks. 

The titanium*' minerals evidently crystallize much more readily 
than the silicated* and other constituents of the magma. The 
crystals have apparently developed whilst the magma in which 
they were suspended*’ was still liquid, and — in contrast to many of 
the silicate minerals— their crystalline ^orrn has not been interfered 
with by contact with other crystals growiiijj on each 'side of them. 
Sphene, in particular, forms well -developed crystals, which are well- 
known to pctrologists as constituents of syenites and granites ; 
they may be seen in the rock-sections as light-Wown pleochroic 
acute-angled crystals. Rutile occurs in granites in needle-shaped 
'crystals which are seen piercing quartz and felspar, having actually 
been formed, of course, long before the quartz and felspar in ques- 
tion. In addition, smaller quantities of titanium occur in many 
minerals of which the element i^ not an essential component. 
Apparently t^'anium at*oms can replace atoms of tetF:^valent silicon 
in the crystal structure ; but in other cases we find titanium re- 
placing trivalent elements fike iron. Some micas contain titanium, 
whilst many iron minerals, besides^ ilmenite, contain appreciable 
quantities of the element ; magnetite, for instance, is often titani- 
fert'us. « ^ ‘ ^ ^ 

The sedimentary rocks derived frarn igneous rock?> also contain 
titanium ; many clays, shales a(j^d^ slates bon^ain minute needles, 
commonly known hs “^clay-slal^' needles,” which are actually 
cr5&9tals of rutile. J 

TECir{iI9LOGY AND USES 

The presence of titanium in milierals is often of considerable 
econpmici impo^tancf , although, In sefcae cases, instead of adding 
to their value, it detracts from it. ^ Iron ores containing titanium, 

• • for instance, present difficulty in sndfelting, since an infusible sub- 
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stance ctntaining titanium forms in| thoj blast-furnace and tends 
to interfere with the descent of the charge. Although the tjKoublo 
can be overc 4 >me*by suitable luodification of thb process, «fcitijnffcro»s 
ores are — in* ordinary practice — avoided. 

There are, however, many piKrpofes for which titanium is actually 
useful. Owing to its high affigiity for oxygon and* nitrogen, it is 
suitable for adding to steel a “ cleanser ” just before the steel 
is cast into ingots ; it combines with the non-metals, which Would 
otherwise cause intergranular weakness and general unsoundness. 
The titajjium is actually added as ferro -titanium, an alloy, of iron 
and titanium, or ferro -carbo -titanium, which is cast iron contain- 
ing both graphite and titanium carbide.^ These /'Jloys are made 
by snfelting titaniferous iron ores with coal or coke in the electric 
furnace, scrap iron being often added to the charge.^ The process 
is further referred to in the section on ferro -alloy S (Vol., fii). 

During the, war, owing to the shortage of manganese, the use of 
titanium as a deoxidizer in stee^ became quite ^ommon.2 Especially 
was this the case in Amcricai where rails made of steel treated with 
titanium appear to have ^iVen excellent results. 

Titanium oxide (rul41e) has found considerable application in 
the preparation of enamels for coating iron vessels.^ Its role is 
essentially ths t «f an opacifier, the refractive index being very much 
hjgher than that of the body of the enamel. In addition, enamels 
containing titanium are said to be more durable, and to protect th^ 
Iron better from corrosion than ordinary enamels. Titagiium 
enamels are largely used in the manufacture of artificial teeth. ^ 

The employment of titanium oxide as a constituent of pigments 
also depends on the high refractive indtx one white pigment now 
manufacture in Norway and the United States consists of barium 
sulphate and titanic oxide.® , 

The main source of the rutile required for industrial purposes 
appears to bo basic igneou# rocks. Certain rocks, occurring in 
Virginia, contain both ilmeqite and rutile in comme^^ially im- 
portant quaptiti«s ;• the minerals are soparal^d from one amt her 
by magnetic means.* 

The liquid anh^^ous clUoifj|^? was u^ed to some extent in the 

1 G. F. Ccyn»tock, J. Soc. Ch^^Ind. 34 (1915)^ 56; B. Stoughtojl, J. 
Franklin Inst. Ill (1914), 65. • * \ 

^ W. A. Janssen, •Iron Agc^ 98 (1916), 31. also Sxp^iments on tite 
magnetic properties of iron deoxidized fey titanium, described by M. A. 
Hunter and J. W. Bacon, Trans. Amer. ^Jlectrochem. Soc. 3f (1920), ‘SIS. * 

3 J. Soc. Chem. Ind. 39 (1920),*271r ; R. R. D. Landrum bndL. J. Frost, 
J. Amer. Ceram. Soc. 3 (1920),*316.* 

* E. Cahen, Discovery, 1 (1920), 141. 

« J. Soc. Chem: Ind. 41 (1922], •209r, 2fl6B. 

• Eng. Min. J. 95 (1913), 22^. 
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late war for the production pf smoke clou^. The vapour reacts 
in da^p air to pnjduce hne particles of a hydrate TiCl4.5H20. If 
a.'nmoni/i lapour is 'mixed with theHitanium chloride, a better 
cloud is obtain^ed, an additive compound being formed. Silicon 
chloride was also largely used f6r tHb same purpose ; but, possibly 
owing to the *1iighep- refractive index of titanium compounds, a 
better obscuring power is normally Obtained with titanium. ^ 
Titanium compounds, notably the carbide, are sometimes used 
in the electroc^es of electric arc lamps ; othei’s have also found 
application, as mordants, in dyeing.^ , 

^ G. A. Richter, Trans. Amer. Electrochem. Soc. 35 (1919), 323. 

* F. L, Hess, U.:S. OeoL Surv., Min. Res. (1918), 810. 
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ZJJICONIUM 

Atomic weight 

• % 

Tlte IVJetal 

Zirconium generally resembles titanium, which falls above it in 
the periodic scheme, but also has many properties iii common with 
germaniiAn, which falls into Group IVb. The element has a steel- 
grey colour, and is very hard ; when polished, it displays a bright 
metallic iustre. Like titanium, it has a very high melting-point. 

The*electrode potential of zirconium is uncertain, btit it is prob- 
ably an active clement, the activity being often obf|cured, m in the 
case of aluminium,* through the presence of a jx^rmanent o#cidc-film. 
In fact, the behaviour towards reagents in many ways recalls that 
of aluminium. It is only slov^y attacked b^ acids, with the ex- 
ception of hydrofluoric acid, which dissolves it quite quickly. 
Similarly the %com pact metal is quite resistant towards atmospheric 
corrosion, and is only '^ery slightly oxidized even wheiT strongly 
heated. But the finely divided element oxidizes much more readily, 
and may ctoIi “\3atch fire ” if warmed in air. 

Jt is interesting to note that a zirconiurnianode, like an aluminium 
anode, displays valve-action.^ * 

Laboratory Preparation. The element can be obtained by the 
action of an alkali metal or of magnesium on one of the halogen 
salts, or by reduction of the ojdde with carbon at a rather high 
temperature.-^ In the latter case the product is liajjle to contain 
carbon if the latter is in excess, and will retain some oxygen if the 
carbon is not in excess. It is better therefore to obtain the element 
by heatiii^ the double salt, potassium zirconifluoride, with magne- 
sium in an electric furnace. Aluminium and sodium have also been 
used as reducing agcqt^. The ftiethod of heatiqg zirconium chloyde 
with sodium ih a bomb is said^o give an almost pure produ^t.^ 

GoiTii^ounds 

Zirconium, ig^ tetravalent in practically itk, compounds, wltlch 
are derived from the oxide ZrOj. A lower series *o& salts analogous^ 
to the titanous series is not known. • • 

1 L. H. Walter, Electrician, 71 (f5l3). 1057. 

* D. Loly and L. Hamburgeit Zeil^ch. Ano7\g. Chem. 8T (101 4J, 223. 

* Much useful information will be found cR)lloc!ed in F. P. VenhWo’s 
"Zirconium and ^ts Compounds’. (1922f (American .Chemical Society's 
Monographs). 
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Zirconium oxide (zimoni^), ZrOg, is obtained when 4!}he finely 
divided element burnt in oxygen. It is obtained in a hydrated 
irirm'a^ a^'white voluminous hydrox/Ie, when a ^ soluble salt, e.g. 
potassium zircMiifluoride, is treated with ammonia, 6r when a zir- 
conate undergoes hydrolysis. ‘The*^ hydroxide when ignited yields 
the hard whitS anhydrous oxide. ' 'J^'ho oxide is practically infusible, 
the melting-point being higher Jihan'Uhat of any other oxide. Ac- 
cording to Rufi ^ it is 2,585° C., and according to Podszus,^ 3,000° C. 
— a somewhaj notable discrepancy. Zirconium oxide becomes 
incandescent when heated, giving out an intense white litght. 

The freshly precipitated hydroxide is soluble in acids, zirconium 
salts being lormed, but the anhydrous oxide is almost un.dissolved 
by acids. Ai in the case of the hydroxides of beryllium, aluminium 
and titanium, it is observed that zirconium hydroxide, when pre- 
cipitated^ from h hot solution, dissolves^ less quickly than the pre- 
cipitate obtained from a cold solution, being much, denser in the 
first case. Moist zirconium hydroxide absorbs carbon dioxide from 
the air. » 


Zirconates. Although the hydroxide is scarcely soluble in 
aqueous ‘alkalis, it is capable of forming*^irconates when heated 
with fused alkaline hydroxides or carbonates. Compounds said 
to have the formulae NajZrOa and Na 4 Zr 04 have been described, 
but, as they are immediately hydrolysed by water, with the jv’e- 
^ cipitation of hydroxide, it is difficult to be sure that they represent 
definite chemical compounds. ' 

Zirconium Salts. The salts are obtained when the hydroxide 
is dissolved in the appropriate aci(jls. There is a certain tendency 
towards hydrolysis, and tJie normal salts can only to obtained in 
the solid state from solutions containing free acid. But in addition 
to the normAl salts of the <^ype, ZrXi, there are basic salts {zirconyl 
salts) of the type (ZrOlXg, which^ are ' of ten more stable. The 
“ zirconyl ” salts are undoubtedly chemical individuals, having 
been obtained in wqll-defincd crysta‘ls of constant composition ; but 
some of the other basic salts describecyby the earlier writers are prob- 
ably adsorjJlion products.^ " ^ ^ 

Zirconium sulph&te fbrms colorless crystals having the com- 
pobition Zr(S 04 ) 2 . 4 IH 20 ; itlosess, l^iree of the fou^r .molecules of 

* ^ O. Rufi, Ano^g. Gher*h. 82 (1913), 390. • 

® E. Podszus, Zeitsch. Angew. /Jhem. 30 (1917), 17. 

^ * A. Miillei^ Zeitsch. Anorg. Chem. 5^ (1907), 316, supports the adsorption 

view for all zir<5bnium basic salts. A. Rosenheim and P. Frank, Ber. 40 (1907), 
803, urge that thA zirconyl salts are tfue iAiividuals. A new type of basic 
salttifl described by E. A. R(Ald, Trans. Ghem. Soc. Ill (1917), 396. Another 
view of the behavio\ir of zirconiiftn salts jn solution is gi\%n by M. Adolf and 
cW. Pauli, Koll. Zeitsch, 29 (1921), 173. • • 
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water when heated^ at» 120° C. Soijie - Aemists ^ consider that, 
properly speaking, it should be regarded as fan acid zircony] 
sulphate, (Zi0)904.H2S04.3H2C^> or ^ zirt;onyl-sulphu];i(^ actf, 
[(Zr0)(S04)2lH2.3H20 ; such*a view will explain why one of the foui 
molecules of water is more firirAy attached than the others. When 
the solution is heated for a Iphg time above’ 40^*0., hydrolysie 
occurs, an insoluble “ basic !lalt ” being precipitefted. 

A nitrate, Zr(N03)4, has been described, but more recei^ in- 
vestigations 2 have failed to confirm its existence, although various 
hydrates^f zirconyl nitrate, Zr0(N03)2, are known. The chloride 
can be obtained by crystallization from a solution of the hydroxide 
in hydrQchloric acid ; partial hydrolysis is very lialJle to occur, 
and tlfe final stages of the evaporation should be ccmducted in « 
current of hydrogen chloride gas. It is prepared more easiW in the 
anhydrous conditif^n (ZrCl*) by the well-known method yf passing 
dry chlorine gas over a heated mixture of the oxide and carbon 
but even the product of this dry method is ^ery likely to contaii 
the zirconyl chloride (ZrO^Clg, also known as zirconium oxy- 
chloride. The oxy-chlorivi(^ has been isolated in the hydi-atcd con- 
dition containing eight molecules of water, by crystallization from 
a solution of zirconium hydroxide in hydrochloric acid. It is 
itself fairly solute in water, but if the solution is boiled for a long 
tipe, hydrolysis occurs, gelatinous zirconium hydroxide being 
precipitated. , 

Fluorides. Whenci^irconium hydroxide is dissolved in hydro- 
fluoric acid, the fluoride, ZrF4, is produced. If the solution is mixed 
with a solution of potassium fluoride, a complex salt •potassium 
zirconifluoride, KaZrFe, whicll is compars^tively insoluble, crystal- 
lizes out. A^ben, however, the potassium fluoride isf in excess, the 
precipitate formed has the composition K2ZrFc.KF. ^The zirconi- 
fluorides, which are periectly analogous to the complex fluorides 
formed ty the other tetrava^nt elements (titanium, silicon, ger- 
manium and tin), apjpcar to jonize as complex salts of* the type 
M2[ZrFe]. The- potassium salt has a solubiljl^r of 1-4 per cei#. at 
15° C. ’ 

An important s^Jlt of zirconij^ is the pxalate, which is obtained 
by precipitation ; it differs frem the oxalates of the rare earths 
by being sohil^le in excess of oxalic ^cid md iA. ammonium «^xafate. 

< # * * • • . • 

Peroxide. When hydrogen pero^ifje is added to a solution of 

zirconium sulphate, a white j^eroxide is produced in a hydrated* 
condition, to which the fori^^ula, ZrgOfc, has been a^^signed. 

• . » 

I R. Ruer, Zfitsch. Anorg. Ch^m. 42 ^1904), 87. ^ 

^ F. Chauvenet and L. NicAlle, Compter Rend, 166 (1918), 781, 821. 
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A lower oxide (ZrO) Ws^been described, but recent twork has 
shown it to be a fixture of the dioxide and metal. ^ 

^ ‘ ' Analytical ^ 

Turmeric paper, after being »moiitened with a solution of a zir- 
conium salt containii^g hydrochloric acid, t^urns red-brown on drying. 

Zirconium salts treated with ammonia yield a gelatinous pre- 
cipitate of the hydroxide. The same precipitate is obtained by the 
addition of caustic soda ; unlike the white hydK)xides of aluminium 
and beryllium* it is insoluble in excess of alkali. The solubility 
in acids depends on the temperature of precipitation ; it dissolves 
with difficulty when produced from a hot solution. 

The addit\pn of oxalic acid to zirconium salts produces ^ white 
precipitate of the oxalate ; unlike the oxalates of the rare-earth 
metals, *it is soiublo in ammonium oxalate, or even in excess of 
oxalic acid. ThoKum oxalate is also dissolved by ammonium 
oxalate, but is repr(^^cipitated wh^p hydrochloric acid is added, 
whilst zirconium remains in solution., 

Zirconium salts are precipitated by potassium sulphate, an 
insoluble^doublo sulphate being produced.. Zirconium differs from 
titanium in that the salt solutions do not deposit insoluble basic 
salts when boiled in the presence of acetic acid. ^ 

The reactions given above can be utilized as the basis for the 
separation of zirconium from other metals, but the actual working 
'processes are laborious, because many of tjm separations are in- 
complete, and the operations must be repeated if quantitative 
results are crequired.2 A more convenient method of separating 
zirconium from aluminium ^xnd the lare-earth metals is by the addi- 
tion of seleni(jus acid to a solution containing hydA^ehloric acid. 
Zirconium is thrown down as a basic selenite, whilst aluminium 
and the rare 'earths rernain'in solution.^ ,The basic selenite should 
be washed with 3 per cent. hydrochk>ric acid and dried ; Ut yields 
the oxides ZrO 2 , on ignition. 

The same method^may be used lo separdte zirconium from a 
small amy)unt of iron (in the ferric o<*ndition) ; but ‘if much iron 
ifiwpresent in*' the solution, the preejnijate wfll cQ itain iron, and the 
process must be repf^ated'^ If fit^um is present, it will be pro- 
cipiVated with zircqfiiuiY under orefinary circumstgljices ; but if 
excess of hydrogen peroxide. Ibe added before, precipitation, the 
titanium will remain in solution, and a separation is thus rendered 
‘possible. \ * ' V 

^ R. Schwartz ahd H. Deislor, Ber. 5^2 (19^9), 1896. 

* Bdr details of estimaWn hi ores see G. E. F. Lundell and H. B. Knowles, 
J. Arher. Chem. Soc. .42 (1920), 1439. . ‘ 

. * M. M. Smith and C. James, J. Amer, tJhem. Soc. 42 (1920), 1764. 
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Tej^restrial OccubSence 

The geo-chemistry of zirconium is in Ibme reipects similar to 
that of titaniiiim, *the element occurring in smh.ll quantftieii 4isti» 
buted througliout Ihrge masses of rock. It ia^ howt^rer, less abun- 
dant than titanium, and is conAiorfer in the acidic rocks than the 
basic. It is most frequently feynd as the silicate, * 

Zircon . . *. • . . ZrSiO*, 

which is one of the ^commonest accessory minerals of granite *and 
syenite. Like the titanium minerals, zircon is one iDf the earliest 
members \)f the magma to crystallize ; consequently it is Usually 
found in well-formed crystals, which belong to tho tetragonal 
system ; •they are often small, but sometimes atLiin a considerable 
size. Zircon is characterized by the square pyramid fn which the 
crystals usually terminate, well as by its barxlness f^nd adannantine 
lustre. It may be Colourless, but is often brownish-yellow* or grey. 

Certain rocRs contain the zirconium as the oxide, 

Baddeleyitc (Brazilite) . . ^rOo, 

although this is rarer thandthe silicate. Zirconium is also a non- 
essential constituent oi other rock-forming minerals.^ Certain 
pyroxenes, for instance, related to augite, contain zirconium. 

When igneqns jjocks containing zircon undergoes weathering, the 
zirconium mineral remains comparatively undissolved, and is either 
left, behind in the residual deposits or is carried olf by the water in 
sus]xmsio{i. 8inc(\ h<^wcver, zircon is much heavier than the* 
majority of the insoluble minerals occurring in rocks, it is dropped 
comparatively readily by the running water, along with ithe coarser 
sand-particles. Thus the forces^ of Natiye bring about a consider- 
able concentfTttion of the zircon, and, in the same way, of brazilite. 
These alluvial deposits are naturally a convenient source of zir- 
conium compounds. Important deposit! occur in the CJaldas region 
of Minas Creraes (Brazil) and aJso*in Ceylon. It is noteworthy that 
important ores of thorium (which have a similar mode of origin) 
are also found in the countries just mentioiyjcl ; in fact the beach 
deposits known as “ monazj^ sand,” which are so large^ worked 
for thorium, almost al'fl^ys cqi^in zirconium minerals. 

Zircon is by far the common^^i v-h’^oniurn nftneral in the alluvial 
deposits, but ,the oxide is imliistrially u^ore 'pseful, and is (2bn- 
sequently more sc^ght after. In tlrazil, there* accor in certain 
alluvial deposits pebbles, J-3 inches^ix diameter, consisting of a 
material called “ zirkite,” whicli*is re^y a mixture of JJraziliteVith 
zircon and other silicates ; 4he pebbles jjontain over 90 per cent, 
of Zr 02 , whilst ^ther forms of zirkitp fcftmd in the same district 
carry about 80 per cent.^ 

1 E. H. Rodd, J. Soc. Chem, hid. 37 (1918), 213r. 



254 , METALS AND METALLIC ..COMPOUNDS 

f [ ^ : 

Te^hn^logy and Uses « 

Tho present afid futui‘e value of zirconium rests mainly on the 
tk^iusuady refractory character of th<i oxide. Zircoma has a very 
high melting-point, and in the ignited form is remarkably inert 
towards acids, fused alkalis, and silicates. It is unattacked by 
oxygen and only reaOts with carboj. and lutrogen at very high tem- 
peratures.^ It is already ernpkyed in tho manufacture of muffles, 
cru(?lbles and pyrometer tubes ; zirconium crucibles can be em- 
ployed at tem{;)eratures up to 2,200° C.^ and have been used for the 
melting of platinum. The coefficient of expansion is voiy low, so 
that zirconla articles can undergo sudden changes of temperature 
without cracking, 3 Zirconia pencils are used in Bleriet motor 
headlights. ''If the price could be reduced, it would no doubt be 
employ^‘d largely for the lining of furnaces ; owing to the low heat- 
eonductkdty of zirconia, its employment in furitaces would tend to 
reduce the loss of heat by radiation. ' 

At present tho niiAn source of zileonia for refractory purposes is 
the Brazilian oxide ores (baddeleyite o'r zirkite) ; but, if the demand 
for zirconia grows, it will bo necessary to consider the^ manufacture 
of zircoitTum oxide from tho silicate, zirc'on, which occurs in the 
monazite sands of India and Brazil, and is thus a bye-product of the 
thorium industry.'* * 

The crude zirkite softens at a much lower temperature than pvre 
, zirconia, but even this impure form constitutes quite a good re- 
frao<:ory. Naturally the lower softcning-pdint makes it' easier to 
burn ; zirkite can in fact be made into firebricks without the 
addition of another substance as binder ; it is, however, better to 
add a little china-clay % o ^erve as binder. 8tarch,ivas also been 
used in tho ihixturo in Germany. Where a still more refractory 
material is required, the z^irkito must bo purified. Even washing 
with sulphuric acid removes much of the Iron, the most (^eleterious 
impurity, but more elaborate treatirfent is required to remove tho 
remainder of the iron, as well as the silica. , Various methods are 
availablq, the zirkite? being ground and brought ‘into solution by 
treatmertt with fused sodium carbona^ fu^'jd sodium bisulphite, or 
e^n with sulphuric, acidv Zircon%'ln is subsequently precipitated 
as basic sulphate, or^some othef iiftoluble salt, which can bo ignited 
to yield the oxide.'' Pifrificatbn is brought about ‘by dissolution 
of the oxide in excess of hydiiifluoric acid, folloiJ^ed by the addition 
of potassium carbonate ; poUssiujn zirconifluoride, which is only 

1 Ghem. ZeitM2 (1918), ,579. ^ « 

Duff, Zeitsch. Mnory. Chem. 86 (1914), 389. 

5 H. C. Meyer„Mef. Chem.^Eng. 12 (1914), 791; 13 (1915), 263. 

» * W. Rosenhain, Trana. Faraday Soc.^ 12 (1917), 181. 
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slightly soluble at low ,temperatlires, crjffetallizcs on cooling, and 
can be further purif]hd*by recrystallizfttio:^^ Wlyn pure it can be 
precipitated yith# alkali, an(^ the precipitate •ignited ^i^ t^ 
oxide. 

The manufacture of pure \ihitd zirconia was started in this 
country a few years* ago.^ 

Owing to the very high melting-point of pur» zirconia, the 
manufacture of zirconia- ware presents many difficulties. Numcybus 
experiments have b#en made, mainly in Germany, which seem to 
indicate that the use of clay in admixture for pure zficonia articles 
is unsatisfactory, but that by mixing a small amount of aluminium 
oxide or magnesium oxide with the zirconia, good results can bo 
obtainq^.^ Other oxides like thoria and *yttriff wer^ tried with 
success. 

A good deal of trouble been experienced with fcirconia'^irticles 
owing to the excessive shrinkage when exposed* to high lemp(^ra- 
tures, which caused cracks to j^ppear. This ^an best be avoided 
by ensuring that the original ignition of the zirconia has boon 
carried out at a sufficiently, high temperature. If the zirconia is 
actually fused* in an electric furnace, and then ground ajjjd made 
into articles, the articles so obtained practically do not shrink at 

Zirconia has also been used in optical glass and as a constituent 
of*acid-proof enamel. * 

During ^the war, steql containing zirconium is said to have been * 
used largely by the Germans for armour-piercing shells and for 
bullet-proof shields ; experiments with zirconium steel diave been 
carried out in America with % view tp use in automobile con- 
struction.® The clement is added to the steel as a fevro-zirconium 
alloy, and one of its functions appears to bo that of a deoxidizer ; 
the use of titanium for tJie same pur/>ose will be remembered. 
Nevertheless it seems that zircqjiium, if added in sufficient quantity, 
has a specific effect on steel. A nickel-zirconium steel has appar- 
ently properties ra,ther* similar to a chromc-niclx.d steel, but is s^aid 
to be strongef. ^ ^ i 

Some of the clearer vaKeties pt^ircon, which often have a yellow— 
or red colour, have a value as f^->^tonos, th^ name “ hyacinth ” 
being applied Jo them. 


^ J. -W. Mardoii and M. N. Rich, J. Cliem. 12 (1920), 051. 

2 J. Soc. Chem. Ind. 37 (1918), 254b. , , 

* L. Weiss, Zeitsch. Anorg. Chem.^5 (1910), 218 ; O. Ruff, 3citsch. Aiwrg. 
Chem. 86 (1914), 389; O. Ruff ^d G. Lauschl^e, Zeitsch. ^norg. Chem. 97 
(1916), 73. See also E. H. Rodd, J. J?oc. Chem* Inc?. 37 (1918), *214r.» , 

* E. Podszus, ZeMsch. Angew. Ch^. 30 (1917), 17. 

» J. Garoon, Bull. Soc. d’Enc. 131 (1919), 148. 
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CERIUM 
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Atomic weight . ^ . . 140-25 

'• < 

Cerium has'hcen repeatedly ,^eihioned in the consideration of 
the vare-earth metals, firstly because it occurs along with them in 
nature, and secondly because the cerous comj^ounds, in which the 
metal 4 S trivalont, are extremely similar to the compounds of the 
rare-earth metals. Zirconium and thorium have no salts of this 
type. At the same time, the ceric salts, in which the., metal is 
tetra valent, ♦‘R.re very similar to the salts of zirconium and thorium, 
but have no counterpart among the compounds of the rare-earth 
metals. ^,For t‘his^ reason cerium is c6nsidere(j in detail at this 
point. 


The Metal 


Metallic cerium resembles the rare-earth metals, ay.d differs from 
zirconiuih and thorium, by melting at a‘ comparatively low tem- 
perature (623° C.). It is a steel-grey metal, rather soft, but never- 
theless capable of taking a good polish ; when' mod'crately pure, 
it is both ductile and malleable. « 

* Cerium appears to bo a highly reactive element, falling between 
magnesium and zinc in the Potential SerJt^s. If an oxide-film is 
formed upon the metal, it does not seem to protect it entirely, for 
cerium decomposes cold water slowly, hydrogen being evolved. 
The evolution of hydrogen^^is much more rapid in dilui'f acids, which 
dissolve the ^ metal yielding cerium salts. The metal, moreover, 
tarnishes rapidly in damp, air, and burns when heated in air, like 
magnesium, but more easily, finely divided cerium A^kes fire 
spontaneously. Pure cerium is not pyrophoric, but the hard alloys 
containing iron gi^e off sparks readily when rubbed with a file. ^ 
The element has powerful reducing^opcrties. ' •< 

,,^T^aborat%ry Preparation. The^ metaPcan#be obtained by the 
electrolyisis of the fused* chlor^ide[\‘ontained in an iron pot which 
senses as cathode<^ ; additions, cff sodium chlor^ife, potassium 
^fluoride and barium fluoride cfa be made in ordpr to lower the melt- 
ing-point. The graphite anpde should be heated before being put 
into* the miltjbure ; otherwise the sail; will solidify on the cold surface. 


^ B. Weifls, Zeitsch. Glelctfochem. 14 (1908), 649. 

**A. Hirsch, Met. Chem. Eng^. 9 {1911), 540; M. de*K. Thompson, Met. 
^ Chem. Eng. 17 (19l7), 213. ‘ . 
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A rather fcigh E.M.F. ^J. 0-15 vofts) is usually employed, irfolten 
cerium collects at the bottom of the pt)t. | I 

Cerium can^be purified fron^the most usual impurities«by,b^ilijjg 
with mercury* whi«h dissolves the cerium, yhilst ^the impurities 
rise as a scum to the surface, and fire skimmed off. The mercury 
can afterwards be removed by distillation of thp amalgam in vacuo. 

Compounds 

A. Compounds of Trivalent Cerium (Cerous Compounds). 

Cerous oxide, CoaOs, is rather difficult to obtain in the anhydrous 

conditiort The hydroxide, Ce(OH)3, is obtained as a white pre- 
cipita^when ammonia is added to a cerous salt solution. The 
precipitate darkens when exposed to the air, higher hycy'oxides 
being formed. ^ ^ , 

The salts iwe produced when the metal, or the hy(b’oxide, is 
dissolved in the appropriate artds. They an^ mostly colourless, 
and resemble closely the salts of the rare earths. The double 
potassium cerium sulphate, 3X2804.00(804)3, is, as was stated 
in the section on rare earths, practically insoluble in (wccess of 
potassium sulpliate, and is obtained by precipitation. It should 
probably be ji*TitWni K3 [€0(804)3]. It is interesting to note that 
the three divalent (SO4)" radicles are eqi^ivalcnt to six univalen^ 
radicles. The salt affords, therefore, yet another example of th< 
recurrence^ of the cornrion co-ordination number ^ six, which oco^n 
in the complex fluorides, like KafliFe] and K2[ZrFg]. 

The oxalate, like the oxalates of the rare earths, is iftsoluble in 
acids and is thrown down by the^dditiomof ^n oxalate to a weakly 
acid solution of a cerous salt. 

The anhydrous chloride can be produced by evapprating the 
solution of cerous hydroxide in hydroctiloric acid. The indirect 
methods o 7 ten required for the* preparation of anhydrous chlorides 
are not necessary in the case of yerium. 

B. Compounds of Tetja valent Cerium (Cerium Coijdpounds). 

The ceric compounds are ana^fSous to tl!e salts of zirconjum and 
thorium, and a^e derived from me\)xide, CeQg. This oxide ^s 
feeble basic properties, but the salts %re ve!*y easjj^ h;^drolysed. ^ 

Ceric oxide, Ce02, is formed as a ;^ow or white powder when 
cerous nitrate is heated in thegeiir. It is obtained in^h. hydrated 
condition when precipitatedt cerous hydroxide is •oxidized with 
sodium hypochlorite solution. !the hydratefl oxide is lenmn- 
yellow ; when ignited, it comnjdhly becomes pink ,• the pink colour 

M.O. — VOL. n. 
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may be due to a trace of an intermediate o^e, but is generally 
attributed to trar es of tl .e other rare earths, which generally occur 
im'pTU’itles in cerium salts. / 

The salts aie obtained in solution when the ceric oxide is dis- 
solved in acids. The solutioiis are in every case deep yellow. 
They are unstable fcr two reasons • firstly, they tend to hycbolyse, 
and secondly, they are strong o^ddiziirs, tending to change to cerous 
salt 3 . The yellow sulphate, Ce(S04)2, can be obtained by treating 
ceric oxide w^th sulphuric acid. The aqueous solution is readily 
hydrotysed, basic salts being deposited. On the other h^ind, when 
a solution containing excess of sulphuric acid is slowly evapo- 
rated, a red cerous-ceric sulphate is deposited owing tp partial 
reduction. ./ 

The pitrate is obtained in solution, when ceric oxide is dissolved 
in nitric acid, or when cerous nitrate is oxidized with lead peroxide 
in the presence of dilute nitric acid. It is not possible, however, to 
obtain the normal < lalt from the orange solution. A basic salt 
formed by hydrolysis is the only product obtained upon evaporation. 

C. Other Compounds of Cerium. 

When ceric oxide is heated in hydrogen, a dark-blue intermediate 
oxide, said to have the composition 2Ce02.Ce203 or 0640,, is 
produced. A hydrated I'orm of the same oxide is obtained when a 
solution containing ceric and cerous salts, in correct proportions, is 
treated with sodium hydroxide, and comes down as a violet pre- 
cipitate. 

By the action of hydrogen peroxide — or of oxygen — upon ceric 
compounds, ^ peroxiefe (CeOg) is thought to be prodiiced,i but its 
individuality is still a little doubtful. 

Hydride. Cerium readily absorbs hydrogen at about 350 ° C. 
The dissociation pressure of the product at 450 - 510 ° C. Is low and 
practically constant until the hydrogen content exceeds that 
indicated by the formula CeHg. Beyond that point the decom- 
position pressure rises with the hyi /)gen^content. This has been 
"^terpreted as showing that thv^ definite hydride, CeHg, exists, 
wj^ich is capable ol holding farther hydrogen in solid solution.^ 

^ Nitride.^ (^rjum combinos also with nitrogen to form the 
nitride, CeN, the colour which varies between a dark bronze 
to & bright^ yellow according^to thp conditions of formation. 

' iSee Ift. Pissarjew^ky» Zeitsch. Aiiorg. Chem. 31 (1902), 369. Compare 
E. Zeitach. Anorg. Chem. 30 (1902), 251. 

* 1. 1. Zhukov, J\ Muss, Phya. Chem. Soc. 45 (1913), 20?3 ; Abstract, Amer. 
Chem. Soc. Abatracta, 9 (1916), 666. 
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Analyticitl 

Cerou^! salte give, with sc|^um hydroxide,* a white •prepclpilwifce 
of the hydroxide which darkefis, through oxidation, hn contact with 
air. Oxalic acid produces, in a*cer8us solution, a white precipitate 
of the oxalate, insofubledn excess, thereby enabling the analyst 
to distinguish cerium from zirct>niujn ; potassium sulphate yields a 
crystalline precipitate of the double sulphate. 

When cerous salts* are treated with oxidizing agent#, the solution 
turns orange, owing to the formation of the ceric compounds? But 
the ceric salts are readily hydrolysed on boiling the solution, in- 
soluble basic salts being produced. The ^separg<tion of the rare- 
earth ifietals from cerium, based upon this fact, has ftlrcady been 
referred to (p. 230). 

• 

TEiftiESTKiAL Occurrence and Technology 

The occurrence of cerium iit nature, as well as the general uses of 
cerium, have been briefly /^erred to in the section on the “rare- 
earth metals,’^ and will he considered in further detai^*in con- 
nection with thorium, with which cerium is generally associated. 
There is iao (iccasion, therefore, to discuss the matter at this point. 
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THUKi^Vl 

Atomic weight . 232*15 

^ Th^ Mtital 

Thorium is a white-grey metal, melting at a high temperature, 
above 1,700°<^. It is heavier than zirconium and cerium, the 
specifi?! gravity being about 11*0. Thorium is a ductile s^abstance ; 
even samples containing much oxygen possess a certain amount of 
ductility. 

The rnetai and its compounds are radioactive. The Activity 
of thorfum is yery much less than that of radium, but thorium 
preparations oftep, contain some of the decay-products, e.g. meso- 
thorium, which are much more radioactive than thorium itself. 

The metal is fairfy permanent In the atmosphere at ordinary 
temperatures, but burns with a briglit white flame if heated. It 
slowly evolves hydrogen from acids, thorium salts .being formed, 
but does not decompose water, even when'the temperature is raised. 

Laboratory Preparation. The metal can be obtained by heat- 
ing a mixture of potassium thorium chloride ancl metallic sodium 
tightly packed in a clo^d metal cylinder for 15 minutes.^ ARer 
cooling, the contents are turned out, treated with water to remove 
the sodium and potassium chloride, when *the metallic thorium is 
left as a gUstening powder ; but the product obtained in this way 
always contains oxide, pjesumab^y in solid solution. By heating 
thorium tctjj/xchloride* with sodium, preferably in vhcuo^ various 
workers claim to have prepared thorium practically free from 
oxide.2 The metal is obtA-ined as a powder, but can be compressed 
into a rod or strip either by hammering, or by sintering ii> an electric 
vacuum furnace. 

Thorium has ah'.) been obtained by the- electrolysis of a fused 
mixtur< of chlorides, but the product contains much oxidc.^ 

>> <■ 

qmp^unds 

Thorium^ seems 'to l>te tetravalent in all its compounds. 

Thorium oxide (thoriq% ThO z, is formed when thorium- bums 
in 6xygen,*pr when the hydroxide ^nitrate or oxalate is ignited. It 

1 J.. F.^Nilsoil, Ber. 15 (1882), 26^.7. tr 

^ W. von Bolton, 2eit8dh. Elektrochem. 14 (1908), 768 ; D. Lely and L. 
Hamburger, Zeitsah, Anorg. Ch%m. 87 (^914), 209. 

® H. von Wartenberg, Zeitsch, Elektrdchem. 15 (1909), 866 
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is a while, practically/ infusible’ substance, which, like zirconium 
oxide, becomes incandescent when heateji ; thf| incandescence is 
less bright in th*e case of j.|ire thoria than In the cffso s>f*thfitfia 
containing a* sma^l amounf of other oxides. The question of 
incandescence is discussed ftntlter in the technical portion. 
The hydroxide is* obtained ^when a thorium salt solution is 
precipitated with ammonia. ^ ^ ^ 

The oxide formed by ignition of the oxalate, nitrate, sulph^ or 
hydroxide, prcfcralrly below 700 ° C., behaves in a gather curious 
way towards acids. If warmed with nitric or hydrochloric acid, 
no dissolution takes place, but, by driving off the excess of acid, a 
semi-transparent mass is obtained, which although insoluble in 
acids, breaks up on treatment with pure water, yielding an opales- 
cent colloidal solution. The action of the acid seems to b^to form 
traces of thorium s^lts on tfie particles of the oxide. * Wheq the mass 
is treated with water, the thorium ions adsorbed on the oxide 
surface allow peptization to trfke place. Tlte opalescent sols are 
unstable, being easily precipitated by the addition of acids or 
ordinary salts (e.g. pota^im sulphate). Colloidal solutions are 
also formed when freshly precipitated thorium hydroxide is pep- 
tized with hot dilute hydrochloric acid, and the sols thus obtained 
are clearer and distinctly more stable towards the addition of elec- 
tjolytes. , 

Salts. The thorium salts are formed when the ordinary variety 
of oxide hr hydroxide ffi dissolved in acids. They are heavy coiour- 
less substances. The solutions have an even more powerful action 
in causing the flocculation of negative colloids than do aluminium 
salts ; this would seem to be du*e to theAetfavalent ion, Th*"’. On 
the other hand, they have a peptizing action on some albuminous 
substances.^ • • 

The siyphate, Th(vSOJ)2» is ol^tained in the anhydrous state by 
evaporating the solution of tlforium oxide in sulphuric ac^d to dry- 
ness. It is quite soluble in tce-cold water, Jbut, if the solution 
obtained is presefvetl for an^ length of timt?, a much le|s soluble 
hydrated sulphat^, Th(SG4)2.9H20, separates gut. *%^^*dvarl^ge 
of this fact may be taken to p^fify the sMt. ^Other hydrates * are 
known, the iqost important •bAiig Th (804)5, ^HjO, which is .the 
stable phase ‘at temperatures ^o pe 43 ° U. sparingly soluble 

double salt, Th(S’t)4)2.2Ks5S04.2Ha0^is thrown down, w’hen a 
solution of potassium sulphat^js added to thorium sulphate.* 

^ B. Szilard, J. Chim. Phys. 8 (19Q7), 495. • 

* For details of the interesting equilibrium di5grani, see H. W. Roozebfeom, 
Zeitsch. Phys. Chem. 5 (1890), 20 1 ; I. Kf)ppel and H* Holtkamp, Zeitsch, 
Anorg. Chem. 67 (1910), 266 ; I. itoppel, Zeitsch* Anorg, Chem. 67 (1910), 293. 
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The nitrate is very soluble, anil therefore somewhat difficult to 
crystallize. Neverthelesj vaAous hydrates can'be obtained without 
oocprance of hydrolysis. The Cjfiloride, ThCl4„is formed in 
solution by dissolving; thorium oxide in hydrochloric acid ; it is 
. prepared in the anhydrous state byipassing chlorine over a mixture 
of oxide and darbon.^ The anhydrous chloride" is a colourless solid, 
deliquescent, very soluble and fairly' volatile, the vapour density 
indicating the simple formula ThCl4. A fluoride, ThF4, and 
complex fluorides, such as potassium thorifluoride, KaThF^, 
corresponding to the zirconifluorides and silicofluorides, aj;e known. 

The oxalate is of great importance. Like the oxalates of the 
rare earths ft can be precipitated from slightly acid solutions. Un- 
like the rare-earth oxalates it is distinctly soluble in ejecess of 
ammonium oxalate, whilst it differs from zirconium oxalate in 
being insoluble* in oxalic acid. ’ 

It is oi interest to notice a curious organic derivatiye of thorium. 
Acetyl-acetone, whic^ may be written 

CH * 

Nc-OH 

‘ CHj.CO.CH^ 

can be regarded as a weak acid ; it forms a thorium salt, 

^ (CsH,0.)4Th, ‘ 

^ which is soluble in chloroform, and which can bo distilled in vacuo 
witljout decomposition. e 


Analytical 

Thorium resembles ^cerium anol zirconium in yielding white 
precipitates ’rith ammonia, potassium sulphate and*^ oxalic acid. 
It differs from cerium in that the oxalate precipitate is soluble in 
ammonium oxalate, and irom zirconium in that the oxalate is 
insoluble in oxalic acid. " i 

The plecipitation of the oxalate from acid solution enables us to 
separate thorium fr^K,n the majority of ordinary metals. A method 
of separ^tj,ng thorium from tlie rar^jearths has been worked out 
"^hioh depends on precipitation of ,the warm ficutral solutions of 
the nitra'tes with hydrogen penoxidfe in the presence of ammonium 
nitrate.^ Thorium.'is thrown ^down' as peroxide (ofra derivative), 
«vhilst the rare ’csfrths j'emain. in solution. Tho peroxide is filtered 
off and ignited, the thortam being weighed as dioxide (ThOa). 
Unless amminium nitrate is presertt^ in the solution, the peroxide is 
precipitated in ’such^a foim that ,it is* difficult to ignite it with- 
out*, loss through decrepitatipn ; the ammonium^ salt makes the 
^ E. Benz, Zeitach. Angew. Ohem. 15 (1902), 303. 
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precipitate denser, ea^er lo filler, and Capable of quiet ignition. 

Another process dfteh recommended for the estimation of thorium 
is the method of precipitation with sodiuni thigsuf^hate^ on adding 
that reagent* to a, slightly a^d solution, a |)recipitate of*thofflim 
hydroxide and sulphur is proc^iced, which can be filtered off and^ 
ignited. But several rare-earth elements and als^ zirconium, if 
present, are precipitated — al^ feast partially — witji the thorium. 
The operation requires, therefore, t6 be combined with other methods 
of separation. • 

An interesting method for the estimation of thoMum, especially 
in its ore (monazite sand), depends on the fact that it gives off a 
radioactive emanation.^ 

Terrestrial Occurren(’i. 

Like zirconium find cerium, thorium is found, mainiy m me acia 
part of the* intrusion. Certain granitic rocks, and particularly 
the pegmatite veins which constitute the firftil stages of consolida- 
tion, contain the import^iJ mineral, 

•Monazite,* .... CeP 04 , 
really a phosphate of cerium and the rare-earth metals, but also 
containing ifhorium. Where rocks containing monazite have been 
'g^eathered, the crystals have been carried away by the rivers, but 
owing to their weight have tended to collect separately from the 
majority of the lighter sand-particles. “Monazite sands’’^ 
containing grains of monazite mixed with other heavy constituents 
of acid rocks, such as zircon, garnet, rutile and the like, are found 
in Brazil (Bahia, Espirito, anddiio do ,iangiro), India (Travancore), 
Ceylon, and Carolina. In the first three countries, the richest 
deposits occur on the sea-beach, having be^n concentrated to a 
large extent by tidal .action. But inland deposits also occur, 
especialijr in the beds of stream^ which rise among rocks containing 
monazite ; these are usually ^Icss rich. The Carolina deposits are 
of a poor charac4^en * 

The total amount of m^fiazite sand available in localities 
named is large, ^ut it must be remembered that, in any “ ll^')nc^ 1 «M 
zite sand,” only a certain pi^poriion of thef grains (perhaps half) 
consist of m^azite, whilst each n^nazitg cr^.stal may have tho- 
rium content varying from 0 to 30,^r c^nt. • Consequently, tike 
coastal sand contains, as a whole, Cmy a small content of thoria^ 
Even after the removal of moSf of the grains which aae not monazite 

1 H. H. Helmick, J. Amer.^Chen?. Soc. 43^19214, 200*3. • • 

* S. J. Johnstfne, J. Soc. Chem. Iiid.^37 (1918), 373r ; W. T. Smaller, 
U.S. Oeol. Surv., Min. Res. II, pp. 13, 14. * 
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by artificial concentration^ the thijria content is usually only about 
4-9 per cent. ^ ‘ 

Monazitenvaries in colour from pale yellow to dark brown, und the 
^ specific gravity varies from 4-7 to 5 2. * 

Another important thorium mineral is the impure oxide, which 
invariably contains luanium, and generally 'many other metals 
besides ; this ic known as r 

<1 Thorianite .... (Th,U)02. 

It occurs in C'^ylon, in small black cubes, which are considerably 
heavier than monazite. 

The silicate, 

Thorite .... ThSi 04 , 

' is likewise found in Ceylon, and also in Norway, but is of compara- 
tively inljequer;t occurrence. 

TechnoI)Ogy of Tiiowum and Cerium ^ 

Practically the whole of the world’s ‘supply of thorium is derived 
from the monazite sands of Brazil and Travancore., Since these 
comparativ^ely rich sources have been developed, the working of the 
much poorer deposits of Carolina has become unremunerative. 

The Brazilian deposits were discovered about T89^, at a time 
when the new discovery pf the incandescent gas-mantle had made 
thorium a valuable substance. It is stated that for some time the 
sandvwas obtained free, being shipped as ballast to Hamburg, where 
it was immediately sold for about £20 a ton. After some years the 
Braziban Gbvemment discovered the real value of the “ ballast,” 
but a Hamburg firm speut^ed a mbnopoly of the miring rights, 
paying a roya:lty of 50 per cent, to the Brazilian Government. 
In 1909, the Travancore deposits were discovered, but, as the capital 
required to work them was not forthcoming from Britislj^ sources, 
the control of this source also passed into German hands. 

Just before the outbreak of war in 1914, practically the whole 
of the productive tfi^rium deposits g,nd almost ‘the .whole manu- 
factm’e of itiie thorium salts needed ‘for tto gas-mantle industry 
— wer^ under German control. Th^re was a great shortage of 
thorium liitrate in England in 19 IS. , However, works for treating 
the Indian monazite were soon^stablished in. this country, and the 
^ccessful prbd\!rcfaon of t^ium nitrate begS-n ; arrangements 
^ were ^ made jater to work *tl\e Cei^Jfm deposits.^ Meanwhile, the 

1 S. J, JohnsonevX Soc. Chem. Ind. 35 811 ; 37 (1918), 373e, See 

also Martin, " Industrial (Themistry*'' (Crosby, Lockwood), Section 77 ; 
S. J. tTohnstone, “ The Rare-Earti^ Metals '' (Longmans, Gfeen), Chapter VII. 

8 J. Soc. Chem. Irid. 36 (1917), 1203. ‘ . 
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thorium #alt industry ^in the Tinited grates had expandeS con- 
siderably, depending on the Braziliaft saud as rg.w material. 

Since* the ^norfazite sand, ^s found oir the» coast, only oci^ts 
of a small pfoportion of mOTiazite grains, is u^ially ‘^concen- 
trated ” near to the spot wherodt iff found, so as to avoid burdening* 
the ships with the* valueless constituents. ^Advahtage may be 
taken of the difference in grtirity^of the different constituents to 
obtain separation, the Wilfiey table (described in Vol. I, pagetl23) 
being frequently employed. Magnetic separation has also been 
used wit|j success for the concentration of monazite sands^ 

The details of the manufacture of thorium nitrate from the con- 
centrate as practised in Europe are kept secret.^ T^Ie outline of 
the pr^ess commonly employed, however,* is uifderstyod to consist 
in the dissolution of the monazite sand (previously ground, if 
necessary) in hot concentrated sulphuric acid. tTho pffosphates 
are dissolved Jby thV. concentrated acid, but, when the mass is after- 
wards extracted with water, and the acid is pp>rtly neutralized with 
magnesia, tlie thorium phosphate is reprecipitated. If enough 
magnesia were at once acjded for complete neutralization, cerium 
and all the r5re- earth metals present would be thrown with 
the thorium ; actually, ho\vcver, the magnesia is added in small 
quantities a|, a f^me, and all the thorium phosphate is found in the 
first fractions of the precipitate, together with some rare-earth 
metals ; the majority of the rare earths are separated with the 
later fractious of the precipitate. The impure thorium phosphate 
]nay then be dissolved in concentrated hydrochloric acid, and oxalic 
acid is added, which throws down a precipitate of thorium oxalate. 
If the acidity is correct, comparative]^ little of the rare earths 
is precipitated. When the oxalate is warmed# with sodium 
carbonate solution, the thorium is dissolved and a further portion 
of the cerium earths stijl present are teft behind as an insoluble 
double cjfltbonatc. The thoriiiin ^an then bo precipitated once more 
with oxalic acid, and the oxalate converted to the sulphate.^; further 
purification is effe^jtci^r through fractional crys^jiAlization of that#alt j 
finally it is converted to pure thorium nitrate. ^ • 

The thorium nifrate*requiry‘d, f or manjle makiiTg must be ^uite- 
free from phosphates and froftji the rare eaif hs. Many* attempts 
have been m/de to devise clieape^ mothpds Vf eliminating ;^os- 
phorus, as the cosA; of the oxalic acid neec^ed f6r»the process just 
described is considerable. In one pimbss,^ the monazite is heated 
with coke, lime and fluorspar A*the electric furnace, vihen the phos- 


1 Certain stages in the American process aro^oseftbed in Met7 
21 (1919), 600. • • • 

* C. Baskerville, ^th Int. Co7i(f. App, Cheni. (1912), II, 12. 
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phoru& volatilizes away. ',The product is washed to ren^ve lime, 
and then dissolved in hydrochloric acid, aftei! which the thori^ 
is j>reeipitated wlth«sodrum thiosulpj;iate. • ^ 

Manufacture of the Welsbach *Gas-Marrt:le. 'The starting 
* point of the gas-mantle is usiiiflly ft mantle woven of ramie fibre, 
which gives 5 prochict very mu(jh more efficient than cotton ; 
artificial silk is*also used.^ The^ran^c mantles require to be soaked 
welhin dilute acid, so as to remove any mineral impurities present, 
and then in jdilute ammonia, which probably serves to remove 
grease.f They are dried in hot air, and afterwards “ impregnated ” 
in a soluti{^n containing thorium nitrate with small amounts of 
cerium, beryllium and magnesium nitrates. The mantles /ire then 
dried again, c and the ramie is “burnt off,” leaving in tfe place 
of the original mantle an “ ash skeleton ” consisting of thoria 
(with sn^all amounts of ceria, beryllia and majjnesia), but having 
the form of the original ramie. The skeleton is stiengthened by 
immersion in a collo#fion solution Containing camphor, and is then 
strong enough to bear transport in 'boxes. The collodion is, of 
course, burnt off ” when the mantlb ,is fitted by^ the domestic 
consumer’ on to his burner. ‘ 

The mantle, when it is finally used as an incandescent material, 
consists essentially of thoria with 1 per cent, of c^ria in solid solu- 
tion. The beryllia and ijriagnesia are present in smaller quantities, 
,and serve only to increase the strength. When the non-luminous 
Buqsen flame of the burner is lighted, the mantle becomes extremely 
hot, and commences to give out light. 

Theory^ of the Efficiency of the Welsbach Mantle. It is 
found that mantles conristfhg of pure thoria give a mueh less bright 
light than those containing 1 per cent, ceria, but that any further 
increase of dhe ceria-contf^nt decreases the luminosity, although 
a rather larger proportion of c^ria is eflnploycd with ^advantage 
in the n^antles used for the high-pr*essure burner.^ 

It is interesting Jo inquire why this particular mixture is more 
efficient ^ as a light-j^roducer than qny other ' nfa’teuial which will 
withstanikthe t(^mpcrature. It is sometimes stated that a Welsbach 
mantle vill produceyno fhore light ^ than a similar mantle made of 
any other material held at the' same temperature ; its special 
virtue — according^ to this vie^ — -lies in the- fact that it actually 
attains a higher tempdratupy when placed withfn the flame than do 
» othoT* substances.® The highrtemppyature reached by the Welsbach 
mantle is mainly due to the fact that thoria is a highly transparent 

E. L. Kn^edlei-, Met. Chem. Eng. 15 (1916), 636. 

* E. Stern, Angew. Gliem. 26 (1913),^. 806. 

* F. Haber, J. Soc. Chem. In(k 33 (1914), 61. 
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substanc<i, and accordirgly does lot emii^'rays (visible or otherwise) 
to the same extent as would a non-ti^insoarent or black substance. 
Since the production of anv rays neceslarily causes Jbhe^ ladiant 
material to cool, any substan^ which does n^t givej^ off rays to the 
full extent will clearly become hotter than a black substance placed, 
in the same flame. ’But just because thoria itself isfcomparatively 
non-radiant, a pure thoria mantle will provide comparatively little 
light, in spite of its high temperature. The function of the cejfa is 
to cause the mantlef to emit “ visible ” rays ; the emission is at a 
maximuqj in the blue region of the visible spectra.* If top much 
ceria is added, the omission spreads to other parts of the spectrum, 
and the proportion of invisible rays increases ; at tlfe same time, 
the teiiiperatme becomes lower again owirf^ to the increased radia- 
tion. Hence the addition of ceria in small quantities increases the 
efficiency, but larger quarftities depress it.^ * 

We can pjit tne matter very shortly as fdllows. 'I’he thoria 
mantle reaches a higher tempqjw-ture than a ^>lack body exposed to 
the same flame, whilst the* small ceria content allows it to emit 
more visible light than a yack body would emit, even at the same 
temperature.^ ^lie Welsbach mantle has an abni)rrp^lly high 
emissive power within the visible region, and an abnormally low 
emissive po^er gutside it. 

It is quite possible that the mantle substance aids catalytically 
tlie combination of the coal gas and oxygen, and that the com- 
bustion, jiaking place ejose to its surface, causes it to reach a higher 
t<^mperature than would be reached by a similar mantle without 
catalytic activity.- * 

Other IJses of Thorium* Comptuiyis. Curiously enough, 
thoria, besides its use in gas-mantles, is employed t(#a small extent 
in the tungsten filaments of electric bulbs ; the maiji function of 
the thoria (which will •be discussed in the section on tungsten) 
appears to be the control of gram growth in the filament. 

Thorium salts are of some sljght importance in tropical ^nedicine ; 
they are foLyid’to ‘ii'ave an agglutinating bactericidal efihtion 
on certain pathogeni^ organisms, including those^fiat cause 
cholera and dysentery.^ 

Uses of Cjprium and otlJef iJye -products of the Mongzite 
Industry. * Cerium and the rare earths oCcur monpzite in larger 
quantities than thorium, and the pr^l^lem^f fintflng a use for tfie 

• j • • • 

1 H. E. Ives, E. F. Eangsbury arui E. Karrer, J. Franklin inst, 186 (1918), 
401, 685; H. Rubens, Ann, Ufiya. (1906^ 693. • 

* Compare E. K. Rideal and H. S. Taylor, “ Catalysis ” (MacnAllanjC p. 124. 

® A. Frouin an® D. Roudsky, Qomptea itend. 159 (1514), 410 ; A. ^rtory 
and P. Bailly, Comptea Bend. 172 (1921), 1267. 
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relatively large quantitiei? of thd^e bye-products has alf* different 
times exercised ^he minds df those connected with the thorium 
industry. ^The fact* that 1 per cent of ceria is required in the 
mantle skeleton only jcalls 'for the consumption “of a l&mall fraction 
‘ of the ceria available. * t 

A considerable amf)unt of the residue containing cerium and the 
rare-earth metals is used in thp pit^duction of pyrophoric alloys. 
Theqmetals are precipitated with oxalic acid and the oxalates are 
converted to hydroxides, which are dissolved in hydrochloric acid 
and dehydrated in a silica vessel in a current of hydrogcjjb chloride. 
The mixed chlorides are then fused in an iron or plumbago crucible 
and electrolysed at 15-20 volts, a carbon anode being employed.^ 
An alloy ofc very varying composition is obtained, knewn as 
Mischmetall, which consists mainly of cerium, lanthanum, praseo- 
dymium* and nebdymium, with much sm'aller quantities of the other 
elements. The percentage of cerium is often about 40-50 per cent., 
that of lanthanum may perhaps about 25 per cent. ; there is 
usually about 15 per cent, of praseodymium, neodymium and 
samarium, and smaller amounts of irCi^and other metals. This 
mixture is then further alloyed with 30 per cent, of iron to give the 
hard pjrrophoric material, known as ferro- cerium, used as a 
“ flint ” in automatic cigarette-lighters and ga» ligld:ers. Other 
pyrophoric alloys containing Mischmetall along with zinc aqd 
magnesium are said to be made in Germany. 

Apother use of Mischmetall is that of a ck'.oxidizcr. It*has been 
employed as an addition to copper, just before pouring, the copper 
being rendered free from gases, stronger and more ductile by the 
treatment. Ferro-ceriujp %has also* been tried with success as an 
addition to cast iron.^ Cerium steels are said to have been made 
at several steelworks in France. 

Mischmetall has proved*^ of value as a reducing agent in the 
preparation of other metals whidh sre difficult to reduce, for in- 
stance vknadium . 

Am appreciable afi^junt of cerium is also used for impregnating 
arc carbby^^ It is usually applied *as the fluoride. Apart from 
- thisr quite small quantities of cerium arc used* in dyeing, and in 
photography, whilst Jerium saltgraB3^.aid to be employed in remedies 
for sea-sickness. Cdriuip is u^d in certain Jtinds ot optical glass. 
In war-time a c«nhiderg,.ble amount of cerium is required for tracer- 
^ bullets and ^searchlights.^ 

» A. Trillat,‘jBw«. Soc. d'Enc. 131 (1919), 60. See also H. KeUermann, 
** Die Ceritmotalle^und ihr Legierungei; " (Hnapp). 

• A.* Hirstsh, Trans. Amer.^Electrochem. Soc. 37 (1920), 369. 

* S. Soc. Chem. /rjd. 40 (1921),«'40e. iJso S. J. John^one, J, Soc. Ghem, 
^Ind. 37 (1918), 376b, 
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like many metals with stltii of salts,, cerium salts are powerful 
catalysts, 'and have Jbeen employki ir^ certain processes as oxygen 
carriers j they h^ve been tried as “ driersj” for oil. 

In additioA to cerium, a jertain amount of mesoihoritijja 1 
is obtained as a by-product of the mantle industry, aM this has been 
employed as a sourcp of radioactivity. If a little barium chloride 
is added to the solution 6f mor^ite in sulphuric acid, the barium 
sulphate produced carries down aJl the radium present, and gilso 
the mesothorium 1, which is an isotope of radium. The separation 
from barium is conducted by the ordinary method us^d for concen- 
trating r^ftiium. -» 

The period of half-change of mesothorium 1 is oply about 6J 
years, much shorter than that of radium^ For this reason, pre- 
parations containing mesothorium can be made whA)h arc much 
more active than pure sal^s of radium ; but they must, course, 
be less permanent^ losing half the activity due ,to mesothorium in 
SJ years, th^be-quarters of it in 11 years, and so on. Technical 
mesothorium preparations generally contain hiuch radium as well. 
It is hoped that they will come to be employed largely in luminous 
paints — used for instrumc^lts which require to be read in the dark ; 
the general ernpoymen^ of mesothorium for such purposes would 
liberate true radium preparations for medical uses, for which they 
are badly n^'edefl. 



GROUP VA 


'l^'anadium 

51*0 

Niobium (Columbium) . 

931 

' Tantalum 

. 181-5 

, Eka- tantalum 

. 230 


The ek’ments of Group Va have a maximum valency of five, and 
form stable oxides of the type ; but, like most metals of high 
maximum valency, dbmpounds are also known corresponding to 
lower oxides. The higher oxides are acidic rather than basic, the 
lower oxides basic rather than acidic, ^vjonnectioni^xists between 
the pentaValent elements of this group and the pentavalent elements 
of Group Vb ; many of the vanadates, including the complex 
vanadates, are isomorphous with the corresponding phosphates. 

The elements themselves are hard and take a fine polish. As hi 
the case of the two previous groups, the metal, when in a compact 
form^ often displays a simulated nobility, caused by the existence 
of an adherent oxide-film on the metal. A good example of this 
“apparent nobility” is afforded by tantalum, which is actually 
used as a substitute for platVnum. '‘fantalum and niobium resemble 
aluminium in Showing “ valve action,” when employed as anodes, 
and it is interesting to note that antimony and bismuth, two 
members of Group Vb, also display valvd action. « 

“ Eka -tantalum,” the last metaf belonging to the group, has 
never been prepareej in a visible quantity, and merits no special 
descnptioTi. It is a radioactive elemQut, which* is believed to exist 
in certain* f»^ht-year-old preparations of Umniuip X examined by 
Soddy.^ It is probal;‘ly the product^^of decay of Uranium Y, and 
is oi special interest; as being the*' parent of actinipm. Another 
radioactive elpmei\t,‘'urafhium*X 2 , is isotopkj with eka- tantalum, 
a&d has consequmitly the s^e chemical properties but a different 
^atomic weight (234) ; this element^ Jr.as a very short period, and 
exists therefore only in very minute quantities in uranium pre- 
para^^ns. » 

^ F. Soddy and^. A. Cranston, Proc.^^oy, Soc. 94 [A] (1918), 384, 
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Vifc^ADIUM. 

Atomic weight 51*^ 

• 

Trie Metal 

Our knowledge o< elemental vanadium, like that of elemental 
titanium, limited owing to the dilliculty of obtainirfg the element 
free from oxygen and nitrogen. In both cases the substance 
believed^ by the early chemists to be the element was jfroved subse- 
quentlji to be the nitride. True vanadiunf appears tg bo a white- 
grey lustrous substance, very hard, and somewhat brittle ; it takes 
an unusually good polish,* and, on the whole, it»rcsomMes high 
carbon steely in a^)pcarance and physical pro'^erties. Like the 
members of the last group, it fugt^s at a high te]pperaturc (1,720° C.), 
only just below the melting-point of platinum. The shrinkage 
patterns produced on the surface of a vanadium ingot suggest 
that the met^fiNgrystalli^es from the fused state in the Jjpxagonal 
system ^ ; but X-ray investigation at ordinary temperatures indi- 
cates that tljp system is cubict, the atoms being arranged on a centred 
cube lattice. 2 

The chemical properties of vanadium vary considerably with the 
state of .division in ^hich it exists. Finely divided vanadium' 
(Combines readily with oxygen and with nitrogen when heated in 
these gases, and is said to burn when introduced into a,»fiame. On 
the other hand, the compact awl polisl^ed metal can be heated in 
air with only superficial oxidation, the colour becoming brass - 
coloured, owing, no doubt, to a thin oxide film. At ordinary 
temperatures polished vi^nadiura can rt^nain in air fo!* a long time 
without findergoing a] >precia^le •change ; presumably this is duo 
to a protective film which is at low temperatures too thin to be 
visible. Possibly fpt the same reason the^^lement is not j/ery 
readily attack'ed by reagents, Although, when once in the combined 
state, vanadium id onlf^ mth difficulty ^educed to tl?^ elenu?ntal 
condition. Vanadium precipint^cs'ii gold and Silver fromt solutions 
of their salt»,/but it does nolf evolve hydy)gef^ from dilute hydro- 
chloric or sulphuric acids, or from aqueous s^bjtiotis of caus% 
alkaR. Nevertheless, it is dissolved 4)y hydrofluoric acid, and by 
fused caustic soda, hydrogen iJbing in*each case evolve^. Oxidizing 
acids, like nitric and strong^ sul^fiuric, ajso attack^ vanadium^. 

' See L. Weiss and O. Aiohel, Li^jb. Ann. 337 (1904), 382. 

* A. W. Hull, J. FrankUn Inst. 193 (1922), 2<3o. 
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Whilst the metal has no action ^pon‘ wafjer at ordinary^ tempera- 
tures, it is oxidized at high temperatures even by traces of water 
vapour. » . / . 

L^lkioratory^ Preparation. No viry easy method of obtaining 
( metallic vanadium exists. When ,the pentoxide is reduced with 
carbon in the iiectric furnace, the product contains either carbon or 
oxygen, according to the proportions of the two reagents employed. 
If s\jfficient carbon is present, the main product may be the silvery 
carbide (VC). If the reducing agent employed is aluminium or 
potassium, thb resulting material is liable still to contaiji oxygen. 
If a mixture of the carbide and the oxide, in carefully adjusted 
proportions, 'is heated, the two non-metals are largely, but not 
completely, ^minated.^ ^ 

A slow method of obtaining vanadium depends on passing a 
current bf dry hydrogen over the dichloiido (VCL) strongly heated 
in a porcelain tubb ; the hydrogen must be alHsolutj^ly dry, since 
the smallest traces o^ water will ca'.^se the oxidation of the metal. 

A much quicker method is to heat the pentoxide with Mischmetall, 
the allojr of cerium and other rare meiols which has already been 
referred to. It may seem curious that so .unusual deducing agent 
should be employed, but it must be remembered that mischmetall 
is composed of highly reactive metals, which giye oqt more heat 
when they are oxidized than does aluminium, which are less volatile 
than potassium, and which do not easily alloy with vanadium at 
a high temperature. It is doubtful whetl^er any other . reducing 
agent possesses the same qualifications. When the mixture of 
powdered mischmetall and vanadium oxide is heated in a magnesia 
crucible, a very violent ‘\thermito ” reaction occurs, the cerium 
metals being oxidized almost instantaneously with a great evolution 
of heat ; the vanadium produced is completely molten and, after 
cooling, is olitained as a ^ood button.'-^ ^Analysis has shown the 
metal, prepared in this way, to*^covtain about 99-7 pef cent, of 
vanadium. 


Compourfds 

At least four oxid^? of {vanadium ^Xist, V-jOj, VO2, V2O3 and VO. 
In f-ddition, a lowef oxide V26 flas-been describe^, although its 
dentity is doubtfyl* whilst compounds corresponding*' to a peroxide 
^aO^) have been isolated, although the oxide' itself is unknown. 
The ^our important oxides possess Jv>sic properties, and form salts 
vith acids whi^h are recognizable b^ their colour in solution, 

* {Jompare 0. Eufl and W. Mwtin, Zeitsch. Angeu), Ohf m. 25 (1912), 49. 

> W. Muthmann, L. Weiss and R. Riedftllbauoh, Ueb. Ann. 355 (1907), 69. 
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although fthey cannot always b# obtaiijM in the solid st^te on 
account of hydrolysis. As is usually* the case, the higher oxides 
are less stron^y basic than the lower oxides) The two hig^esf pxi,dos 
have well-mafked acidic j)roj^rties, and forpi salt^ with alifalis ; 
the vanadates, formed from the Ifighest oxide (VgOg), present a 
close analogy to th^ phosphates* ^ t 

As is usual with metals of vat/able valency, the salts of vanadium 
display selective absorption for light of certain wave-lengths wtfJiin 
the range of visibility ; in other words, they are coloured. Very 
remarkable colour-changes are observed wlien the solution oljtained 
by dissolving the highest oxide in sulphuric or hydrochloric acid is 
reduced with zinc. Similar colour changes are sc^en whbn a solution 
in hyd 4 )chloric acid is placed in the cathdclic cfbmpa^'tment of an 
electrolytic cell divided into two compartments by a porous pot, 
reduction being carried ouiJ by means of the electrift curreftt. The 
course of the, reduction depends on the cathode material. Using 
a lead cathode, four stages of reduction can distinguished, each 
stage being marked by a diffetent coloration. The original solution, 
containing a salt of V 20 ^.jds yellow ; upon reduction the colour 
changes througfe^green tp blue, which is the colour of tlv 3 salt of 
VO 2 ; further reduction at ordinary temperatures causes a green 
coloration, dpe tcra salt of V 2 O 3 , but above 90° C. reduction proceeds 
still furtlier, a salt of VO being produced, which gives a violet-blue 
tuit to the solution.^ 

The cglours of the ^different solutions are sometimes ascribed 

to the ions V , V"’, V*”, and V’*, although it is very doubtful 

whether most of these ions have any real existence in tlio solutions, 
since hydrolysis occurs, and cor»plex cations containing oxygen are 
probably formed. The colours and important propeiiies of the four 
types of vanadium salts arc shown in tabular form on ^age 274. 

A. ComuGunds of Pehtavaleat Vanadium (Vanadic Com- 
pounds). 

Salts of vanadk; oiifde (V 2 O 5 ) are formed wjifjn any of the lewer 
salts of vanadium are oxidized with potassium perm^i^nate in 
the presence of aCW, 'Ae oxijlo itself is produced'Vhcn^ny tewer 
oxide — or the metal itself— i# treated with ^litric acid,* and the 
product evapqf ated to dryness. •It is morg coi^veniently preptired 
by ignition of ammoruum vanadate in air ^t 440? C? The oxidt 
is met with in different forms, and the^colour may be yellow, red, 
or grey .2 The yellow amorphous form is the one usually obtained 
by heating ammonium vant^iat^ It fuses withoift decompq^ition 

1 S. Fischer, Jlmr., Trans, Elsdrochem. 6’oc., 30 (1916), 176.* 

■ W. F. Bleeker, Met, Ohemj^Eng. 8 (1910), 666. 
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Valency. 

Series of Salts. 

1 V 

(Colour of Solution; 

Properties. 

... » 
u* 

'* ' *• 

Salts of V2O5 
(Vanadic salts) 

Yellow, d*^o to V 

or, more probably 
[VOaJ- or [VO] ■■ 

t . 

Mild oxidizer. 
Oxidizes sulphur- 
ous acid. 

r 

4 

Salts of VO2 
(Hypovanadic salts) 

Blue, due to V "' or 
perhaps [VO] ' 

Mild reducer. Re- 
^ duces potassium 
permanganate. 

3 

Salts of 

(Valiadious salts) 

Green, due|to V ' or 
perhaps [VO]’ 

Strong reducer. 
Precipitate., me- 
tallic silver from 
silver salts, 
r 

2 

Salts of VO 
(Hypovanadious 
salts) 

0 

Lavender, ^perhaps 
due to V 

Very powerful re- 
ducer. Solutions 
spontaneously 
€✓61 vo hydrogen 
on warming. 


when heated in air, and the fused oxide crystallizes on cooling, 
yielding a distinctly crystalline mass, described by some authors 
as grey and by others as red. The probable cause of this disagree- 
ment is that fused vanadium pentoxide is very active, attacking 
even platinum ; the colou^’ of the liquid is yellow-red when pure, 
but the merest trace of organic matter causes it to darken owing to 
the formation of VO 2. 

A red curdy form of the'pentoxide is precipitated by the action 
of acids on a solution of a soluble' vanadate. Another “ted amor- 
phous ” form is produced when ammonium vanadate is heated, and 
the residue treated \v?th nitric acid and again ignited. The product 
on cooling is hygroscopic, and absorbi> water from the air, becoming 
red. ‘^Wh^li shaken withi water, it appeal's to* dissolve, forming 
what is evidently a (Colloidal soldtjoic), since it is flocculated by the 
addflion of salts or/’aciejs. > 

r An effective niet^od pf preparing a colloidal sqjution of vanadium 
pentoxide is to grind amm'dnium vanadate with dilute hydro- 
chloric acid,‘<and to wash thb reddish-brown product (vanadium 
pentopde) on a filter with water, until the wash- water passing 
through the filter-paper Itegins to be coloured. At this point, the 
whole contents of' the filter we rem'bved into pure water ; they 
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dissolve leadily, yielding a clear i 0 d-yollq'C(r liquid.^ On elec/rolysis 
the particles move 'towards the anode — a fact which shows that 
they are negfitivfel} charged. 

The colloidal solutions of vai>iadium paitoxjde are^of quite fecial 
interest owing to the fact that Itio particles appear to have a* 
crystalline haractef.^ Immediately after preparation, the par- 
ticles seem to ho more or lesfc^rojjnd, but after stporing for some 
months at ordinary temperature, or even after heating for a ^ort 
time at 90-100° C.,* the liquid acquires optical properties which 
seem to ^ndicate that the particles are crystalline. Ar^ ultra- 
microscopic study of the liquid at this stage suggests that the 
particles have grown to be rod-shaped. In additioh, the liquid 
when s.Vrred exhibits a “ silkiness ” similai*to that p^joduced when 
a suspension of minute lead iodide crystals in water is stirred ; 
this silkiness is due to thfi fact that all the little ‘cry staft in any 
given part ofc,the Itquid turn in such a way that their longer axes 
are parallel to the direction in* which the winter is moving. The 
viscosity of the “ sol ” increases with the duration of heating, and 
if the heating is continued suHicicntly long, the liquid may 
gelatinize. 

Vanadium pentoxide possesses both basic and acidic properties. 
It dissolv-es.in concentrated sulphuric, hydrochloric and hydro- 
fluoric acids, yellow solutions being obtained. It is not easy to 
isolate salts from these solutions ; the solution in hydrochloric acid, 
for instance, evolves cjilorine upon evaporation. In other eases 
c<jmpletc hydrolysis occurs, but in various instances basic salts can 
be obtained. For instance, a solution of vanadium p«ntoxide in 
concentrated svilphuric acid, heated for some time, deposits a reddish 
sulphate having the composition [VO] 2 (S(t 4)3 (possibly containing 
combined water). The solution in hydrofluoric acid fields, upon 
the addition of potassiuip fluoride, yelRw crystals of the double 
fluoride 2KF.[V02]F. 

The vanadates, which are combinations ot the pentojflde with 
basic oxides, arc-beU^r defined substances, ^mmonium meta- 
vanadate (N 1 I 4 V 08 ) is forrSed when vanadium pcptilxide is 
dissolved in aqucoTlB ammonia, ^nd is obtained in c51ourle8s crystals 
when the solution is evaporat^# It is almos^^ insoluble tn excess 
of ammoniuD»i?hloride^ and therefore is brqpghb down as a pr^!pi- 
• 

1 W. Biltz, Ber. 37 (1904), 1098. 

* W. Beinders, Koll. Zeitsch. 21 filpl7), W1 ; Proc, Amst. A^d. 19 (1916), 
189. Compare the views of H. Diesselhorst and H. Freimdlich,*PAy5. Zeitsch. 
16 (1916), 419; H. Freundlich, Elektr^chem. 22 (*l916), ^27. ^hese 

authorities think that there is no true crystal ^form^ion. See also Ht R. 
Kruyt, Proc. Amst.^cad. 18 (1916^, 1825; *11. Zocher, Zeitsch. Phys. Ohem. 
98 (1921), 293. 
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tate 'v^herever a concentfi^ted solntion of sv vanadate is <^aturated 
with ammonium chloride. The metavanadates of many metals, 
such^^s^j barium, lead ai/i silver, are insoluble yello^^^ precipitates 
. obtaiiied by t|;)e interaction of ammonium metavaiiadate and a 
^ solution of a salt of the metal 'in r^uestion. 

When a solution of ammonium meta vanadate is acidified with 
acetic acid, the- liquid becomes yellor/ owing to the formation of an 
anliydro-salt, ammonium tetravanadate, 2NH4VO3.V2O6, which 
can be obtained in the solid state by evaporation in vacuo. On 
the ot,hor hand, two series of salts more basic than the meta- 
vanadates are known. Sodium pyro vanadate (Na4'^207) and 
orthovanadUte (Na3V04) are obtained when vanadium pentoxide 
is fused with^the tKeoretical quantities of sodium carbonate J^^.nd the 
‘ products crystallized from water. The p3nrovanadates and ortho- 
vanadatbs are loss stable than the metd. vanadates, and are chiefly 
of interest on account of the analogy presdnted ,to the pyro- 
phosphates and orthophosphates. ' .It is found that the various 
metavanadates, pyrovanadates and oirthovanadates are frequently 
isomorphous with the metaphosphates, ‘.pyrophosphates and ortho- 
phosphates containing the same amount cv^ water .'>f*'crystallization. 
The pyro- and orthovanadates of the heavy metals (e.g. silver, 
lead, etc.) are in most cases insoluble, and can be o})taiji;ied as yellow 
or reddish precipitates by double decomposition from the sodium 
salts. The vanadates of mercury, lead, copper and iron can fee 
fused at about 600 *^ C. and set to exti;emely hard masses on 
coofing. 

When tke vanadates arc decomposed with acids, hydrates of 
vanadium pentoxide are , producer!, as already mentioned. The 
product variejf in appearance according to the conditions of prepara- 
tion, and the earlier chemists assigned special names and formulae 
to various forms. For irfstanco, the bipwn precipitate obtained 
by the action of acids upon a Wtra^vanadato has been ‘tjonsidered 
to be “‘pyrovanadic acid,” H4V20^7, but there appears to bo no 
very convincing re^Cspn for regarding it as d- definite compound. 

The dD-callcd “ metavanadic acifl,” often regarded as HVO„ 
deserves Special' mentioni It is foriped from thfe^ meta vanadates of 
copper, xinc, or other heavy *ln<Jti^ls. A convenient method of 
pre'Jparation consists ip, adding to a solution of O^^pper sulphate 
containing exceed of ^^mmonium chloride a solution of ammonium 
vanadate, until a permane^fdf precipitate begins to come down', after 
which the liquid is heated ’at 75 ^ C. The metavanadic acid is 
brought down in glittering gold ^spangles. ^ Its fine lustre has led 
to the name of “ vanadhim bronze.” According, to some authori- 
. B. W. Gerland, Ber)^ (1876), 872. 
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ties,^ th% vanadium ^bronze ” js really'* an amnloniiim va^ladate, 
not metavanadic acid.” It cortaitfly appears to contain traces, 
at least, of ammonia. 

• • '‘'j 

B. Compounds of Tetrav^lent Vanadium ^(Hypovanadic, 

Compounds). 

Hypovanadic oxide, VOg^'is formed when a •mixture of the 
higher and lower oxides (VA and Y^O,) is strongly heate(j’ it 
is said to be formed also upon the electrolysis of the molten pent- 
oxide. is a blue lustrous substance, which, unlike^the peptoxide, 
is extremely infusible. A hydrated form, obtained by precipitation 
of the corresponding salts by means of sodium carboifato, is a grey 
precipitate, becoming dark when dried. ^Iypo^^nadic oxide 
possesses both basic and acidic projxirties, and dissolves in acids 
and in alkalis. The solufions in acids have a brlj^ht bide colour, 
due to hypovanadib salts. Ihese blue solutions can also be obtained 
by the mild reduction of vanydic salts, for itistanco by the action 
of sulphur dioxide upon a soliilion of vanadium pentoxidc in sul- 
phuric acid. Sulphur dkfxido reduces vanadium to the hypo- 
vanadic condiTian, but not further. No normal salts oi the typo 
¥(804)2 are known, but a basic sulphate, [VOJSO^ (usually known 
as “ vanad;^.! sulphate”) is thrown down as a blue powder when 
the blue solution of VO2 in sulphuric acid is heated for some time. 
An example of an insoluble hypovanadfc salt is provided by the 
bluish-green phosphate;, which is produced by precipitation. 

Solutions of hypovanadic oxide in caustic alkalis are *deep 
brown and contain hypo vanadates. Potassium hj^^o vanadate, 
KoOAVOa.VHaO, can bo obtair«d in tli<) solid state by the crystalli- 
zation of such a solution, and is a reddish-brown substance. The 
hypovanadates of the heavy metals are mostly insoluble, almost 
black, powders, obtaineel from the potassium salt by precipitation. 

C. Salts of Trivalent Vanadium (Vanadious Gomp®unds).2 

Vanadious o^idc* V2O3, is obtained wJtSn the pentoxide is 
heated in hydrogen. It is a t)laek powder, almost infysiftle, which 
readily absorbs^xygen wher^ exposed ti) the aif. ThS hydrated 
oxide, prepared by precipit. Moia 5 f the salt^ with ammonia, is a 
greenish gek| 4 nous precipitate, twhich is g^lso Vasily oxidize(f?* As 
usually prepared, ilie anhydrous oxide is oi^y Y(ftj slowly dissolved 
by acids, but the salts corresponding to^t can readily be obtained in 
solution by the reduction of tfie salts* of higher oxides#* Magnesium 
is a particularly useful reducing^agcnt 4 or the putpose,^ because it 

‘ A. Guyard, ©mW. Soc. Chirr^. 25 (18J6), 366. , • 

* Some writers rather illogiflally speak of these as Vanadi-salts.” 
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will reduce the sadts of VgDj to the salts of V2D3, but the ?eduction 
will not proceed further,^ anVl the solution will remain free from 
salts of yO^ Soliiftioiis 06 the vanadious salt possess a green eolour 
in thd' presence^ of fre^- aeid ; in the/febsence of exceso of acid, the 
'solutions are usually of a chocolate colour, no doubt owing to 
hydrolysis. Ift a cold solution of hypovanadic oxide (VO a) in 
sulphuric acid io placed in the cath6«^ic compartment of an electro- 
lytic, cell provided with a lead cathode, and if a current is passed 
through the cell, the blue colour gradually changes to green, and 
finally an add vanadious sulphate, ¥2(804)3.112804.121120, 
separates in minute green crystals. The anhydrous normal 
sulphate ¥2(604)3 is obtained by dissolving the green acid sulphate 
in a little waiter, adding a little sulphuric acid, and heating at 
180° C. in a stream of carbon dioxide ; a yellow precipitate comes 
down, aM should be separated by filtration through porous 
porcelain, "quickly Washed with water, alcohol afid ether, and dried 
in vacuo over sulphv-ric acid. I^ossibly on account of the high 
temperature of formation, it is almost insoluble in water ; but it 
dissolves in hot dilute sulphuric acid, giving a green solution.^ 

All vanadious salts, like the corresponding titafious salts, are 
powerful reducing agents. ¥anadious oxide has no acidic character 
and is undissolved by alkalis. 

D. Compounds of Divalent ¥anadium (Hypovanadious 
Compounds). 

Hypo vanadious oxide, ¥0, is formed when the higher oxides 
are heated very strongly out of contact with the air with a strong 
reducing agent, such as potassium. 1 The best method of preparing 
it is by passing, hydrogen gas loaded with the vapour of the volatile 
oxy-chloride (¥OCl3) through a hard-glass tube contaiifing char- 
coal, heated to redness in A combustion furnace. The hydrogen 
removes the chlorine, and the oxide, ¥0, is deposited aiiofongst the 
charcoal. It is a grey substance of metallic appearance, which, like 
the nitride, was thought, when first produced, to he metallic vana- 
dium. It melts only at a very high' temperature 

Hypovaftadious oxide dissolves in acids, yichiing violet-blue 
solutions which contain hypovai5adio(tiS salts. The same solutions 
may^be obtained upcm the reduction of vanadic comf^ounds, either 
by addition of Riiic to the acidified solution or by electrolysis. 
They must be protected frOm the air, since they absorb oxygen 
very readily. ^ In fact, when the solutions are heated, they actually 

^ Acoordiilg to H. E. EoBCoeLtind C. Schorlemmer, “ Treatise on Chemistry " 
(Macmillan), Vol. II. ' 

, * A. Stabler and H. Wirthwein, Ber. 38 ^1906), 3978. 
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evolve hydrogen. They site v^y poweeful reducing agenis and' 
reduce salts of copfj)or, tin, silver a«.d’gold to the metalfic con- 
dition ; the solutions bleach certain or^nic *cok)uring substances 
such as indigo or, litmus. account of the great tenSeikcy of 
hypovanadious salts to become oxidized the isolation of the solid, 
substanees presents difficulty. But by evaporation ^of the solution 
in vacuo, the sulphate, VSO^tZHaO, has be^n obtained in violet 
crystals, isomorphous with ferrous sulphate, FeSOi.VHgO. 

• 

E. Highly Oxidized Compounds of Vanadium.# 

Certain^ compounds of vanadium corresponding to a higher state 
of oxidation than V2O5 are formed when hydroge»* peroxide is 
added jo a solution of a metavanadate. A yeHow solution is pro- 
duced, which contains a pervanadate. In some cases the solid 
body can be isolated ; for*instance, on adding alcoiiol to solution 
containing potassilim metavanadate, Jiydrogen* peroxide? and sul- 
phuric acid, potassium pervaiiadate, KVCti, is precipitated as a 
yellow powder, since it is ejomparatively insoluble in water con- 
taining alcohol. The corwspondirjg pervanadic acid, HVO4, 
deposited in yrh^w cr3^s^eils from a solution of vanadio ox^^e (VA) 
in sulphuric acid to which hydrogen peroxide has been added ; but 
the anl.ydrous neroxidc (V2O7) is unknown. The solutions of all 
the pervanadates have a deep orange-yellow colour, which is much 
more intense than the faint yellow of the Vanadates. The solutions 
arc unstc-ble, readily evolving oxygen. In the presence of hydrogen 
peroxide and free acid, they lose oxygen particularly readily f the 
solution, under these conditions, becomes blue, indicating that the 
vanadium is reduced to the tetravalenj condition.^ 

F. Miscellaneous Compounds. 

Chlorides of Vanadium. 2 It is • impossible tef obtain the 
various dilorides of vanadiupi by concentrating the solutions of 
the oxides in hydrochloric acid. Hydrolysis always oc«urs, and 
the hjxlroxide, qf best a tasic chloride, precipitated. , The 
preparation of vanadium chlofides, therefore, *must be accamplished 
in a “ dry wa*^’ Wflen pure dry chjorine gm is jjlissocU over 
vanadium pentoxide heated in ^ Iwird-glass t«be at a duU red heat 
(below the .|nel ting-point cf the pentoxidei^ the oxychloc«ide, 
VOCI3, is producc 4 alfnost quantitatively, oxygeiiJ[)ei<ig turned oi^t 
by chlorine. It can be condensed laa a yellow liquid in a cool 
receiver. When the oxychloi^de is Heated with sulpljhr for twelve * 
hours in a reflux apparatus, ^the oxygen eliminabid and vanadium 

^ V. ilVuger, Comptes Rend. 172 (1021), 1366. 

» O. Ruff and H. T,,tckfett, B&r. 44 (lOllf, 606. 



280 , AND I^TjClUC .COMPOUND^ 

trichloride/ VQs, reinarlns ; excess ^of sulphur can ftnally be 
removed by distillation in a stream of carb(3n dioxide, and the 
trichloride js left<'bejiin(^'as a pink or violet crysrtall^ne crust. It 
is dek'quescent, and reactsiwith watjjfc to give a^chocolate-coloured 
solution which 'becomes green (like, all vanadious salt solutions) on 
the addition <^f acid. ^ " • 

When heated in a ‘stream of nitrAgen, the trichloride decomposes 
to k mixture of dichloride, Vdlg, and tetrachloride, VCI4. The 
latter, like the tetrachlorides of tin and titanium, is a volatile liquid 
and distils oA, whilst the dichloride, which is a scarcely volatile 
solid, remaiiLS behind in green flakes. The dichloride thus prepared 
seems to be c.f airly stable (although information on this point is 
contradictory) ; bKt when exposed to air, it absorbs wajer and 
oxygen, giving the chocolate-colourcd liquid referred to above. 
The tetra^hloricV) can be obtained, as just*stated, by the spontaneous 
decompoj?Ition of tiie trichloride, but a better yfeld i^. obtained by 
passing chlorine overjhe heated trichloride. It is a brown liquid, 
which yields, with water, a solution, having the blue coloration 
typical of all tetravalent vanadium salts. 

Vanadium nitride. It has already., been -mentioned that 
vanadium unites with nitrogen when heated in a current of that 
gas, but the reaction takes many hours to complete*cven at a bright 
red heat. A blackish powder is obtained, which finally reaches thp 
composition V^N and ceases to take up further nitrogen.^ The 
dissociation -pressure of the nitride thus obtained is very low, less 
than 0-2 mm. at 1,203° C.- Nitrides have also been obtained by 
the action ammonia gas upon the pentoxide of vanadium at a 
high temperature ; according to Roscoe,^ the resultant compound 
has a composition VN. The same authority states that a higher 
nitride, VNo, is obtained by the action of ammonia on the tri- 
chloride, the residue obtaihed being heafed to expel ammonium 
chloride. Muthmann considers Iher individuality of i^icso two 
nitrides to be somewhat doubtful. ^ 

Analytical 

±ne numerous cuiuur-cKangcs which accompany the reactions of 
vanadium* compounds in solution aiti i!^?eful in detecting the presence 
of the metal. Vanadium compounds in the fully oxidf2bd (vanadic) 
condition possesS',*in tie presence of acids, a fellow colour,, but 

wheq they ai;e reduced with zipc, it becomes blue. Caution is neces- 

• * 

^ W. Muthmann* L. Weiss «md R. Riedelbauch, Lieb. Ann. 355 (1907), 93. 

* Se^ R. 51. Slade an^ G. 1. Assoc. Rep. 83 (1913), 461. 

* ]^. E. Roscoe and C. Schonemmer, " Treatise on Chemirtry ” (Maormllan), 
Vol. II. 
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sary, hoi^ver, in drawing conclusions, foi' tlie uuuLrpuuuuo ui several 
other metals, e.g. nibbmm, tungsten ani molybdenum, also* give a 
blue colour ,with zinc. Tannic acid ^vcst a*blacl^ coloration 
(“ vanadium ink ”) when addt^ to the solution of a metavan«idaJfee, 
but, here again, salts of anot|ier metal (iron) produce a similar i 
coloratimi. The addition. of ammonium sulphide to an ammoniacal 
solution containing vanadium%^yields a fine chcrrjj-rcd coloration 
due to a complex sulphide. * • 

The quantitative separation of vanadium from most other metals 
depends on the acidic character of the highest oxide (^^2^5) the 
insolubility of the lead and mercury salts. 'J'he vanadium must 
first be oxidized to the vanadic condition, if not already present in 
that condition, by the addition of potassium permanganate, or by 
fusion with potassium nitrate, according to circumstances. The 
solution is then made weakly alkaline, so that the aalt is jfresent as 
a vanadate, filtcrclcl from any insoluble hydrffxidcs anfl treated 
with lead acetate. The vanadium is pre(upiVi'ted as the insoluble 
basic lead vanadate, and is thus separated from most other metals. 
The precipitate has not a v«ry constant composition, and it is best 
therefore to dissolve it iq nitric acid, separate the lead aj^ sulphate 
by the addition of sulphuric acid and alcohol, and evaporate the 
filtrate io dryness ; the residue, after ignition for some time at a 
faint red heat, is weighed as vanadic oxide (V2O5). A quicker 
process is to precipitate the vanadium* by means of mercurous 
nitrate, instead of lead acetate. The mercury vanadate can be 
ignited direct to yield the oxide. * 

The separation from chromium, molybdenum ai^i tungsten 
cannot be accomplislied in this ^vay, for^the chromates, molybdates 
and tungstates of mercury and lead are nhS insoluble^ To separate 
these metals, the solution, free from other metals, is evaporated to 
a small volume and saturated with aiftimonium chlofide. It has 
already bcfen mentioned tliat ajnnfonium meta vanadate is practically 
insoluble in a strong solution of ammonium chloride. The sandy 
precipitate profl^icgd, therefore, is filterec^* off, Avashed •with 
ammonium cKloride solution, •and ignited oul of contact •with the 
filter-paper, so to efpel the excess o^ ammonfum cUlorid# and 
ammonia. Great care is n^(^d» to prevent loss of vanadium 
compounds hythe form of fine^u^t. The ammbnium metavankflate 
is converted to var^dJb oxide (V2O5T as a result of ^h^ ignition, an^ 
the Vanadium is weighed in that formi* 

On account of the similarfty of phosphates and .arsenates to 
vanadates, the estimation oi^vang^um ii^ the presew.ee of these salts 
also may present difficulty. It is best ta redftce the vfifnadium to 
the blue tetravalent state by |he actidh of sulphur dioxide and then _ 
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to precipitate the phospliorus a8,‘pho/.phomolybdate ; tlfe arsenic 
can bo separated as sulphide* and the vanadium can afterwards be 
re-oxi^ed, and f;stimatfd as usual. “ ^ 

When other^metal^ which form series of salts are absent 
‘ (e.g. iron and copper), vanadiurti can be determined volumetrically. 
The vanadiunj; is assumed to be first in the v^nadic condition ; it 
is made acid and reduced to the hjfpovanadic condition by passing 
in s^ilphur dioxide. Then it is boiled free from sulphur dioxide, 
and titrated with potassium permanganate. The amount of 
permanganate needed to reconvert the solution completely to the 
vanadic condition is a measure of the amount of vanadiuin present. 

Vanadates^can also be estimated by titration with ferrous salts, 
potassium fe|-ricyafdde being used as a side-indicator. An^electro- 
metric method has also been worked out in which the end-point is 
detected’by th(?tsudden drop in the P.D. "lit the surface of a platinum 
electrode' immersed in the solution ^ ; in this raHhod,+he side indi- 
cator is dispensed \Wth. ", 

Colorimetric methods of estimating vanadium have also been 
studied and are useful where the quantity present is small ; one 
method depends on the depth of colour /^btainetl ^hen hydrogen 
peroxide is added to the solution.^ 

Tekrestrial Occurrence 

« 

Vanadium is one of the rarer elements, but is nevertheless fairly 
widely distributed. In igneous rocks, it is- found — unlike! most of 
the elements — mainly in the basic and ultrabasic varieties, smaller 
traces being present in the acidic rocks. Appreciable quantities of 
vanadium occur in certam inagnetites, particularly those containing 
titanium ; thfis vanadium is a minor constituent of some iron ores. 

In addition, where ore (jeposits of the heavy metals (lead and 
copper) have been formed in connection with the intrusions, small 
quantities of minerals containing vanadium are sometimes found 
along with the conynoner minerals s the vapadates of the heavy 
metals are often pre&ent in those portions of thcr ores which have 
undergont^ 6xidation. In the mining distnict of ^.T-izona and New 
Mexico, the chloride ,and%'anadatc ©f lead, 

' Vanadiiiite . . '' V 3Pb3(V04)2.PbCl2, 

Qscurs in deep Bjd crystals. I'hesc crystals^ it .should be noticed, 
are isomorphous with thak’ important natural phosphate, 

‘Apatite . . ' . 3Ca3(P04)2.CaF2. 

• * * ( 

' tr. L. Helley and A B. Conant, J. Amer. Chem. Soc. 38 (1916), 341. 

* F. Slawik, Chem. Zeit. 34 (11^10), 648, describes a ilethod of this kind 
r adapted for the detennination of vanadiuna in steel. 



283 


Similauly in Peru, dope to|fche ^opper-rriCmng districls, an impure 
sulphide ore of van^idium occurs ; tlfis ^ called * 

•Pattronitei . . V€3 («)* 

It occurs along with iron p3n*iii!s an^ closely dssociaiea wim a poor 
coal containing much sulphur.^ 

Many other vanadium minerarls exist in nature, su(|i as the basic 
vanadate of lead and copper, • * * * 

Mottramite . [Pb, Cu]3(V04)2.2[Pb, CuKOlf)^, 
which has-been found in Cheshire. A far more imp^ortant^ source 
of vanadium, however, is the vanadate of uranium which^has already 
been discussed as a source of radium, namely, • 

• Carnotite . . Ki>Ct.2U03.V2(i5.3H2O. 

It occurs in Colorado and Utali as a canary-yello^ impregnation 
in sandstones and| other rocks. Other sandstones in •Colorado 
contain a micaceous mineral, ipscoellite, which contains 2-4 per 
cent, of vanadium. 

Small quantities of vanadium exist in other kinds of deposits. 
Some samples of bauxite tjontain appreciable amounts of the rare 
element, which has also iJeen found in numerous clays, it is note- 
worthy +hat plants seem to absorb vanadium where it has passed 
into the soil^ and in this way considerable concentration has been 
bl-ought about. Thus, numerous samples ^f coal and asphalt found 
in different parts of the South American Continent (Argentina and 
Peru) yie’ld, on burning, an ash which contains vanadic oxide*; in 
some cases, the oxide may represent 38 per cent, of the ash. 

Technology and 

The most important practical source of vanadium is the sulphide 
ore of Peru (pattronitc), which occurs afcng with coal,*sulphur and 
pyrites. The whole earth aryuiUl the patronite veins is impreg- 
nated with soluble vanadium cjmpounds, and catch-basin# are dug 
out and allowed io with vanadium-bearinjj*waters from viiich 
the metal can*be recovered. The solid ore is also used^a^«a source 
of vanadium ; IT* may t)e roasted and ^sed wit^i sodi#, yioiding 
sodium vanadate,^ which can he $x1fracted by If^aching. Im another 
process the oa^is extracted wixh gulphuric ^cid?^ which dissolved l3ut 
the vanadium in th« teTravalent statS.'* It i j subsequently oxidized 

^ The formula here ascribed to p^ttronitais attributed to it by Manz. ^The 
mineral is extremely impiure, and mdst authorities do not veniure to suggest 
a formula. * t 

a W. F. Hillebrand, Amer. tl907),J41. % 

« F. L. Hess, U.SL Oeol Surv., Min. i?cs. (1918), I, 816. 

* W. F. Bleeker, Met. Chem. Ejig. 9 (1911), 499. 
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and precipitated* as iron Vanadat^*, or vanadio acid, ft is stated 
that tfie Peruvian supplie^i ari beginning to slioV signs of exhaustion. 

Prap^ica^ly all ‘the vapadium oxide and iron vanadate produced 
k mixed with fuel (aijd with iron or^»if necessary) ai^ is smelted to 
give the important alloy ferro-v^nadium, which is used largely 
in the manuiacturo of certain steels. The ftaatter is further dis- 
cussed in the^ section on ferro-allo^p (Vol. III). The reduction is 
usiiji,lly carried out by means of carbon or silicon in the electric 
furnace. Steel-makers prefer a ferro-vanadimn which has only a 
small carbon-content, and hence silicon is regarded as the better 
reducing a^ent.^ Another method, depending on the reduction of 
iron vanadate with aluminium, has also proved very valuable.^ 

A great deal of vanadium is produced from the carnotitp ores of 
(Colorado, the treatment of which has already been referred to in 
the section oncadium (page 160). It tvas stated there that most 
of the vanadium ts separated as iron vanadatcf-, whigh salt can be 
used for the manuffw'.ture of fcrro^yanadium.^ 

Experiments to investigate the possibilities of working the 
vanadate ores of the Arizona ore-field •were underakcn a few years 
ago.^ "Xhe vanadium can best be exlyacted by* leaching with 
sulphuric acid. Another mineral containing vanadium which has 
been worked from time to time is the mica, rosco^lite^: this occurs 
in Colorado.® 

Another potential soimce of vanadium is the slag from steel- 
works like those of Creuzot, in which pig-irpn derived from vanadi- 
ferohs ores is converted to steel by the basic process. The basic 
slag prodi^ced at most steel-works consists largely of calcium 
phosphate, but at Creuzot, the slagt contains a considerable quantity 
of calcium vanadate afso. 

Uses. Vanadium is nearly always added to steel as ferro- 
vanadium. The role of the element is apparently not merely that 
of a remover of oxygen and nitrogen ; it also seems *to have a 
specific Effect upon the metal, which will be discussed in connection 
with the special steols (Vol. III). ^ * *' •* . 

Vanadium salts are useful catalysts, an(j have bepn employed as 
oxy^n-carriers In organil3 chemistry, for instance in the manufac- 
ture of *aniline black. Reconll}* specially prepared form of 
vanadium oxide has baen advocated for uge in thV* oxidation of 

sulphur dioxfde^id sulphur trioxide, for the oxi^tion of anthr^ene 

0 » 

• • • t 

^ R. J. Afiderson, Trans. Amer. EUctrochem. Soc. 37 (1920), 277. 

* B. D. Saklatwalla, Traits. Amer. Electrochem. Soc. 37 (1920), 341. 

•*U.S.*Bur. Min€4, Bull 104 

> J. E. Conley, Met. Chem. ^ng. 20 (^1919), 466, 61# 

» H. Manz, Met u. Erz. 10 (1913), 3?0. 
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to anthra^iiinone and for mlny djbher teckmcauy waportant oxida- 
tions.^ The employhient of the resiiift.t^ftor linoleate of vanadium 
as “ driers ” *for ‘oils lias also been strongly •re(^mm^ded ; the 
vanadium salts are. said to ac^^uch mere rapidly than the*€or^- 
sponding manganese or lead sab^, and the film of dried oil produced i 
is said to be exceptionally smooth and free from \^inklinfi:,2 

1 J. Soc. Chem. Ind. 40 (1921), SOta. 

* F. H. Rhodes and K. S. Chen, J. Ind. Eng. Cfinn. 14 (1922), 2^2. 
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NIOBIlf'M 

Atomic weight 93-1 

Niobium (which is also kno»/ii as columbium) shows a general 
resemblance to vanadium, and an analogy exifjts between many of 
the compountls of the two metals ; but the oxides of niobium have 
only Very feebly-developed basic properties, and the sciuble salts 
are almost lyiknown in the solid state. 

The Metal ^ 

Niobium is a. white lustrous metal ; dike vanadium, it is hard, 
and it has an even higher melting-point (1,950'' C.). It is less 
brittle than vanadium, but not sovductile as tantalum. 

Niobium has less tendency towards oxidation than vanadium ; 
it keeps its lustre extraordinarily well when exposed to air at 
ordinary temperatures, and is only slowly attacked even when 
heated ; a yellow oxide skin is first formed, and at higher tempera- 
tures the skin becomes thicker and has a blue tint, the colour being 
in each case due to interference. When niobium is heated in 
nitrogen at 1,200° C. it forms a nitride. The metal is unattacked 
both by hot hydrochloric acid, by nitric acid, and even by aqua 
regia'; It is attacked by hydrofluoric acid, the action being hastened 
by contact with platinum. Niobium is dissolved by fused caustic 
alkalis. The apparent “ nobility ’! of niobium, like that of tan- 
talum, is evidently diK> to a protective film. An anodically 
polarized niobium electrode shows “ valve-action.” When an 
electrolytic cell fitted with niobium anode is filled with a 0-1 per 
cent, solution of ammonium phosphate, 530 volts must ^:e applied 
before the current breaks through the anodic film. When the 
niobipm is made the cathode, a very small E,IVI.F. suffices to send 
current through the cell.^ 

Laboratory Frepara^on. Niobium is mufcn more easily 
reduced to the metallic state thanwanadium. It can be obtained 
by passing hydrogen mixed with the vapour of the'pentachloride 
(NbClc) through.^ a red-hot tube. It can be produced from the 
oxides by reduction with carbon or with aluminium ; but the 
proddet generally contains small amounts of carbon in the one case 

I 

1 W. Muthmann, L. ’’Teiss end R. Rfedelbauch, Lieb. Ann, 356 (1907), 68 ; 
W. voo Bolton, Zeitsch. EUktroche^. 13 (1907), 146. 

, * a Schulze, Ann:Phys. 25 (1908), 776. 
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and of aluminium in tbe-o^er. • The almminium»cafl be expelled 
by heating strongly ill an eleAric vacuwmlbrnace, but such a furnace 
is not often available in an ordinary labd^toiy. • A nij>re suitable 
reducing agen| is, ^s in the cgi^e of vanq^iuni, mischmetall ; 
a mixture of powdered mischijiet»ll and niobic oJide is heated, 
a violent action takes place and very moderately piji’e niobium is 
produced. 

Compounds 

Three oxides of niobium are known, Nb^Os, Nbdg and NbO. 
The first t^o appear to possess weakly basic properties, although no 
salts of oxy-acids have been obtained in a solid state. • iThe highest 
oxide (l^bgOs), from which all the more stable mobium compounds 
are derived, has a well developed acidic charaefer. Certain 
derivatives of a yet higher oxide (Nbj,() 7 ), itself# unknown, can 
be obtained. ^ No ofdde corresponding to vanadious oxitfc (VoOa) 
has been prepared, but anoth^ intermediat§ oxide (NbgOs) has 
been described, although its existence cannot be looked upon as 
certain. 

• 

A. Compounds 3f Pentd valent Niobium (Niobic Compounds), 

The pentoxid^, NboOs, is formed when the metal or the lower 
oxides are ignited in air ; it is a white infusible substance. The 
hydrated oxide (niobic acid) is obtained* when the solution of a 
niobate i§ precipitated by sulphuiic acid, and comes down as a 
voluminous precipitate which cannot be freed from adsorbed •sul- 
phate by washing ; it readily passes into colloidal solution when 
washed with pure water, and ppnetrat^ throijgh the filter-paper. 
The acid yields anhydrous niobic oxide oif ignition., Niobic acid 
and even the anhydrous oxide (provided the ignition has not been 
too strong) (bssolve in concentrated sulphuric acid. The solution 
may contain a sulphate, I)ut i^ it«is diluted and boiled, hydrolysis 
occurs, and the whole of the niobium is precipitated as niobic acid. 
Niobic acid is sci^c^ly dissolvtd by hydrochl^cfric acid, but after 
digestion with* the acid^f^a residue is obtained whicb^ although 
insoluble in hydltJfhloricticid, yields a colloidal soliftion wiih water. 
Traces of niobium salts in the rj^^sklue act nc» doubt as peptizing 
agents. The ^joUoidal solutioA i§ precipitated’ by traces of acids 
and by many neutr^ sSlts. The behliviour is, of aaurse, analogous, 
to th£Lt of vanadium oxide. 

Niobic oxide dissolves quit^ .readily in hydrofluoric* acid, dnd 
From this solution, as in the c^e of vanadium, it is possible to oJ)tain 
3rystalline double salts. For instance, l5y aading potassium ^ or 
Simmonium fluoricie to the solution, dduble basic fluorides, such 
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as NbOF 3 . 2 kF- and kfcOF 3 . 2 NH 4 F,/ are* deposited in (Colourless 
crystals. • ' ‘ ‘ 

A fey iijsolubie niobjc salts can be obtained • by , precipitation, 
l^hcn. potassium ferrpcyai\ido is ad^d to the folutV)n of a niobic 
salt (e.g. a solution of potassium nipbate acidified with hydrochloric 
acid), a red* brown precipitate is produced. Under l^o same 
conditions, p(rt*assiuih ferricyanide douses a bright yellow precipitate. 

f^iobic oxide is soluble in caustic potash solution, potassium 
niobate bein^ no doubt formed. In order toX)btain the niobates 
in a solid state, however, it is best to fuse niobic oxide with the 
carbonate of sodium or potassium, and then to recryltallize the 
product from water. A very large number of so-called niobates 
have been described, but many of them are probably ijiixtures, 
mixed crystals or adsorption compounds. It is stated that when 
a mixtui<) of iriobic oxide with two td three parts of potassium 
carbonate is heatfed to fusion and then extracted w^th water, the 
solution on evaporation yields colourless monoclinic prisms of 
the composition 4K20.3Nb.^05.16H550. If the same solution is 
evaporated with potassium hydi'oxide, pyramids of the salt 
3K20.^Jirb206.13H20 are obtained. 

B. Compounds of Tetra valent Niobium (Hjipoi\tobic Com- 

pounds). 

When niobic oxide (Nb206) is strongly heated in hydrogen, it is 
reduced to hyponiobic oxide, NbOa, whicii is a bluish-black sub- 
stance. Possibly owing to the high temperature needed for its 
production* it is not perceptibly dissolved in acids. Salts corre- 
sponding to this o^dde^ h<5wever, lire probably presents in the blue 
solution obtfftned by reducing a solution of niobic chloride (i.e. a 
solution of ,a niobate acidified with hydi’ochloric acid) with zinc ; 
the reduction can also be brought about eiectrolytically, a platinum 
cathode being conveniently employtid, if it is desired fo stop the 
reduction at the te^ra valent state. % It will be remembered that the 
corresponding vanatlium compounds a^so shftvT a .blue colour in 
solution.* 

4 > 

C. •Compounds of.Trivalent Niobium (Niobous pompounds).^ 

^ Further elecVolpic^ reductfon with the use* of a lead-amalgam 
cathode gives a brown-bkek liquid having very strong reducing 
pro{)erties ;*it yields a browftish precipitate with ammonia, which 
may contain Nli(OH) 3 , although this j^int appears to be undecided. 

* •' .# « * 

'•A. St&hler, J5er. 47 (1914), 8|1. See also F. Ott, Zeifsch. Elektrochem, 18 
(1912), 349. These* two authorities difEei; somewhat in their statements. 
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D. Compounds of Diva^ |lit*Miobiuir^ Com- 

pounds). 

Hyponiobous oxide, J\bU, is obtained vberf pdtassiivn lyybium 
basic fluoride ^NbClF 3 . 2 KF) iit'^^ieated \,ith scjdium pr magneSiu|'!? 
It is stated to be white when p^\ 7 e/^althoiigh, as usually produced, 
it has a ‘dark colour. No salts corresponding to this oxide are 
known ; ^hon the oxide is dissiilve^ in acids, nydrog'i^n is evolved 
and the i . Its of the higher oxides are produced. 

f 

E. Highly Oxidized Compounds of Niobium. 

t 

As in the case of vanadium, a series of yellow per-salts are known. 
When a solution of potassium niobate is trc^ated with liydrogen 
peroxidcf a yellow coloration is produced, jtiid ty thtt addition of 
alcohol, potassium perniobate can be precipitated. By the action 
of sulphuric acid on the polassium salt, perniobic acidj^HNblJi.wHaO, 
may* bci prod<^iced ^s a yellow colloidal solution, which can be 
purilied by dialysis. On evaportvrion, a prccl][3itato comes down, 
which, when dried over suTphuric acid, yields a yellow amorphous 
powder.- 

F. Miscellaneous Compounds. 

Chlorides \)f Aiobium. As has been stated, it is impossible to 
obtain the chlorides of niobium from ftcpicoiis solutions. Two 
clilorides, however, can be obtaiiuxl in a dry way. The penta- 
chloride,* NbOls, is foriRcd when a curremt of dry chlorine gas is 
passed over a mixture of niobic oxide and excess of carbon heated 
in a hard-glass tul)e. It is a yellow substaia^e, crystallizing in 
needles, and* melts at 194° C., but is volatile #it a lower temperature. 
If less carbon is used for the pr(5j)aration, the colourless oxy- 
chloride, NbOClg, is obtained in addition to the peintachlorido ; 
the separation of the two •liodies brought about by distillation in 
hydi’ogen, the oxychloride beinj the less volatile of the two.. Wlien 
either comjiound is trciited witlj water, hydrolyi^is occurs almost at 
once, niobic acid lT(ung yvvcoipMated ; but in •fhe presence^ of free 
hydrochloric aciri the soWtion is more stable. The vaflc^r oj the 
pentachloride has a normal density, correspon^iing to the ^formula 
NbCls at modeigate |;emperatuu|;s ;* but, if passed through a red-hot 
tube, it part*iS;lly decomposes, Qepositing* thef pjn-yolatile tri- 
chloride, NbCla, in grey flakes of metaHio appearance , on the sides 
of the tube. 

' H. E. Roscoe and C. Sohorlon*ner,rf‘Jrreatis8 on Chemisfry ” (Maomillaii), 
Vol. II. ^ 1 

* P. Melikoff and Jj. Pissarjowsky, ZeitscJtt Anorg. C.,ewi. 20 (1809), 34U. 

M.O.— VOL. n. * XL 
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'V f e ' ‘ « 

Niobium ^itcide. !A., blackish'. nitrfjie is iormed when the metal 
is heated in a current 9' nitrogen.^! The^ osychloride ^(NbOClg) 
reacts with ammoi^ia, /.nd, when heated stroh^ly, the .product 
es(;p)lv^s’ ammonium chlori(|e, and lea/es a black nitride as residue.^ 
In the present state bf our knowlelge, it is probably best not to 
try and assign formulae to these products. 

Analytical 

The soluticn of a niobate treated with potassium ferrocyanide in 
the presence of acid gives a reddish-brown precipitate ; if treated 
with tannic acid a precipitate of a reddish chocolate colour appears. 
Acidified solutions of a niobate become blue when treated with zinc, 
and yellow when treateci with hydrogen peroxide, but seve.;al other 
metals ^ncluding vanadium) behave in the same way.**^ 

In thq separation from other metals advantage is taken of the 
feebly basic character of niobium. If all th& metds (including 
niobium) in a mixture are prcsenl as oxides, the mixture can be 
fused with sodium bisulphate ; most of the metals are converted 
to soluble salts, and can be leached out by the action of water or 
dilute hj'drochloric acid. On boiling, the hydroxides of niobium, 
tantalum, tin, tungsten, and certain other metals are precipitated, 
owing to hydrolysis ; but of these tin and tungsten-^ean^be converted 
to soluble complex sulphides by fusion with sulphur and sodium 
carbonate, and can be separated by lixiviation. Some niobium and 
tantalum remain in the insoluble residue, with small quantities 
of certain oxides like iron, which do not readily pass into the form 
of soluble Sulphates ; to remove these it may be necessary to repeat 
the fusion with sodihm i)isulphate,'-or to boil the residua with dilute 
sulphuric aefd, before the whole of the iron, etc., is removed ; 
niobium apd tantalum arc undissolved by the dilute acid. 

Similar methods may be applied to the analysis of minerals con- 
taining niobium and tantalum, whrch may bo “ opened up ” by 
fusion of the finely powdered material with sodium bisulphate. It 
has" been found that, if the melt is., extracted "'vT/th , tartaric acid — 
which servvS to restrain the hydrolysis — ^ue wholp of the niobium 
and tantalum can be brought into solution ; in this way, the separa- 
tion^ of these metals from silica ^yauj be attained. The separation 
from zirconia presents a difficult p.’oblem, but it has been found that 
if the mixed" oxides of zirconium, niobium and" tantalum are fused 

A 

^ ''W. MutTijnann, L. Weiss, Rf Riedqlcauch, Lieh. Ann. 355 (1907), 94. 

* H. E. Roscoo and, C. Sohorlemmer, “Treatise on Chemistry" (Mac- 
millat ), Vol. IT. ‘ 

^'Numerous othei' i.ests are given by J. Moir, J. Chtm. Met. Min. Soc. S. 
Africa, 16 (1910), t89. 
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with potassium carbonate* ai d Teiichcd with* hot Wjj,teif most of the 
niobium tantalum pass il^to solutii^n "^hilst the zirconia i»emains 
undissolyed ; but *it is necessary to ropl;it the fusion — generally 
twice-— before the whole of thi tantalum rendered sftlulfl#^^ j 
The separation of niobium aid tantafiini from owe another il a 
difficult matter ; the processes usually described iti the textbooks 
(e.g. that depending on the dilference of solubility ' >f the double 
potassium fluorides) are tedious^ aii4 require cxjx‘rienc(‘ before c¥en 
moderately good results can be obtained. Probably the quickest 
method of determining the relative proportions of two metals 
in the mi?g)d oxides is to take the specific gravity of the mixture 
after ignition over a blast lamp in a platinum crucibl^ for an hour 
(after tjhis period the specflic gravity has becoinc quite constant). 
The rcsiflt obtained is referred to a curve; or table, ^showing the 
relation between the specific gravity and composition of yiixtures. 
vSince the density of pure tantalum oxide (S*7lt)) is ncii^ly twice 
that of pure fiiobium oxide (4‘5p2), this method, carried out with 
care, yields fairly accurate resMlts. 

Recently a nu^thod of analytical sejiaration has beiui described 
depending on t[ie fact that when the ignited oxides of niobkini and 
tantalum are boiit^d with a mixture of selenium oxychlol’ide and 
sulphuric acid, the whole of tlu; niobium can finally be brought into 
solution, whMst t'antalum oxide remains undissolved.'’ 

• • 

^ Terrestrial Ocourrknge and Technology 

Since niobium occurs along with tantalum in nature, the *dis- 
cussion of its geochemistry can be deferred until the«scH3tion on 
tantalum. ^Exc;ept in so far as it may Ue a emstituent of impure 
.tantalum, niobium has little industrial importance A certain 
quantity of the mineral columbite has been mined and marketed in 
America, but mainly for ex[>eriinental ^lurposes.^ * 

(V • 

» W. R. Schoellor and A. R. Powell, Trans. Ckem. .Sac. 119 1927. 

Comparo E. S. Sim])soTi, Chrm. Neuts, 99 (1909), 243.^ 

a (liven bv H. W. ¥tf*tand H. W, f.anploy, .hncr. J^»Sci. 30 (1910), 393f401. 
» H. B. Merrill, J. Amer. -l-nem. Soc. 43 (1921), 2378. 

‘ F. L. Hess, (k-iN, Oeol. ikerv., Min. Res. (1918), I, 80J. 
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TANTALUM 

Atomic weigKt 181 -5 

The Mental ^ 

' T' . . . , ^ 

Tantalum is, like niobium, a lustrous metal, melting at an ex- 
ceedingly high temperature (between 2,250^ •and 2,300° C.), far 
above the melting-points of iron and platinum. In colour, tan- 
talum IS rather whiter than niobium ; it is a heavy Aietal, the 
specific gravk^y being 16-6. The metal crystallizes in the cubic 
system, the atoms being arrayed on a centred cube space-lattice. - 
Pure tantalum is very ductile and malleable, and tantalum wire 
is extreny^ly strong. Th(^ pure, gas-free metal can be rendered 
extremely hard by rniichanical work without^ becoming brittle. 
Tantalum containing^ hydrogen, nitrogen, or carbon, however, is 
apt to be distinctly brittle. 

When heated in air, tantalum oxid/zes superficially becoming, 
like most ^metals, first yellow and then blue ; but, to -a large extent, 
the oxidc-filrn protects the metal from further oxidation. In the 
fine state of division, however, tantalum is rapidly^ burnt to oxide. 
Tantalum is dissolved by hycbofluoric acid, especially when i>laced 
in contact with platinum'^or carbon, materials which can function 
as the cathodic element of the corrosion couple. None of the other 
acidfl, however, attack tantalum ; this is no doubt connected with 
the fact th^t the oxide of tantalum has very weak basic properties, 
and is practically i^ndisso^ved by any acids other than hydro- 
fluoric. Thus^j in effect! tantalum behaves as though It were one 
of the most noble of metals, and is frequently described as being 
similar in chemical behaviour to platinum. 

A tantalum electrode immersed in the solution of any salt other 
than a fluoride shows valve-action, similar to that displayed by 
niobfiim and alumiilium.'* Anodicaty polarized tantalum becomes 
covered \yith a bluish' film of oxide, *out\;< true seat^of the valve- 
actior is pjAably the lay/^r of oxygen gas f/hich is produced within 
the pores, of the oxide film. The ga»s layer allows electrons to pass 
from metal to solution, but not in tne Opposite direction. In a very 
(^lute solution qf 'iddium carbOnale, an E.M.F.^ of a^►out 650 volts 
must be applied to an electrolytic cell fitted with a tantalum anode, 
befole any 'Considerable current cad" be forced through. 

0 ^ A.' Siemens, Ctiem. 100 (1909), 223. 

' 2 A. W“ -fiuU, JThys. Rev. 17 (1921), 571. 

» G. Sehulze, Ann.iPhys. 23 (1907), 226. ♦ 
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In fluBrido solutipns, va^ re-a«tion /practically absent Con- 
sequently, attempts have teen maJe \p meas^e the electrode 
potential of* tantalum in flu^^ride soluti#ns. * The vciiiie •depenjjjs 
greatly on flie previous tft<>tmcnt cff thp met^,l, cathocli^lly^ 
polarized tantalum .(containing hydrogen) having a comparatively 
low potential, whilst anodical),y polarized (“ passiyo ”) tantalum 
has a value abnormally high (jlbsitivc). The value t)f the V)oteutial 
at the electrode 

^ I 0-006 Mol. 

I TaF. 

has been measured and found to be 

+ 0*105 volts, \ 

when tantalum is in the most active condition obtainable. It 
seems, however, unlikely that this represents the true cjuilibriura 
conditions oP the Change ^ 

, Ta Ta + 5c 

since, if that were the case,* tantalum should be as easy to deposit 
from aqueous •solution tin. It is probable, therefore,* that tan- 
talum is covered with a ])arlially ])rotcctive film even in fluoride 
solutions apd is thus never met with in the com})letely active 
condition. Another diflioulty confronting those who would en- 
deavour to assign a place for tantalum in the Potential Series is 
the fact .that we do not know the ion -concentration of a tantalum 
fluoride solution. * 

Laboratory Preparation, Tantalum can be obtaified from its 
compound^ in various ways. Reducti««i ttie oxide with carbon 
yields a product containing carbon, whilst reductioif of one of the 
compounds (e.g. a comjflcx fluorkkd with ])ota8siumj'arely yields 
the metal in a pure sta^^e. The product becomes purer if heated 
in vacuo at a very high tenipefature as many of the impurities 
volatilize away. A suitable n^ethod for obtaining pure Tantalum, 
based upon the reduction .of ^le pentoxide j¥ith mischmetal?, has 
been describ%y[, and is ^generally similar to the metlioci* used for 
vanadium and niobium ; but the reactiofi is slower, ancT the*metal 
obtained is often less thorouehlj* fused, and is* apt to be n?ixed with 
oxide.2 Pur<!>'tan{alupi can be ma^e, however, by the electrolysis 
of fused potassiuih tantalifluoride (K 2 TaK 7 ), fift product being 
subsequently heated electrically in pdfeo to volatilizg any tjaces 
of oxide that may be present.^ 

^ G. von Hevesy and R. E. Slade, Zeitsch. Elektrod/99m. 18 (ft 12), 1^01. 

* W. Muthmann,*L. Weiss and«R. Riedeibauch, Lieb.^nn, 355 66. 

* W. von Bolton, Zeiisch. An^tw. Chem, 19 (1906), 1637. 
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^ C^mpouncjs 

As in the case of /iiobi<jm, all the stable compound^ of tantalum 

S re^ffCind to the pento^xide, TaJOs. Its basic ^qualities are, 
/ever, evcn^more feebly develop/fd than thos'c of niobium pent- 
oxide and vanadium pentoxide. ‘There, is a- lower oxide, TaOg, 
but few deriv^-tives ?vre known. Tl^e oxide, TaO, corresponding to 
NbO, has not been prepared, although a chloride, TaCU, is known. 
Derivatives of a higher state of oxidation than TaoOs have been 
isolated. 

t 

A. Compounds of Pentavalent Tantalum. 

The pentoxide, TagOs, is obtained when the metal or the lower 
oxide is }ieat<;d in oxygen ; it is a white infusible powdd’. The 
hydrate, ^ known as tantalic acid, HTaOg, is formed when the 
ehloride /TaClf,^ i^i hydrolysed by the addition of water, and is a 
gelatinous precipitate. When freshly precipitated’ it dissolves 
easily enough in hydrofluoric acid, ‘but like other gelatinous hy- 
droxides it tends to “ age ” and lose its reactivity. The solution in 
hydrofluoric acid contains tantalum fluoride (T^Fg), but it is 
not very ‘easy to isolate this salt from the feolutioiT; by evaporation 
in vacuo it is possible to obtain it in colourless crystals, mixed with 
a basic fluoride. When, however, alkali-metal fluorides arc added 
to the solution, complex fluorides can be easily obtained by crystaK 
lization. By the addition of potassium fluoride to a hot solution 
of tantalum oxide in hydrofluoric acid, fer instance, potassium 
tantalifluoride ( 2 KF.TaF 6 or K^TaF^) separates in needle-shaped 
crystals, lx is somewhat sparingly soluble in cold water, but 
dissolves much more re^dify in hoi water ; it appears to ionize as 
a complex salf, Kj^TaFy]. Many other tantalifluorides are known. 

The insolvblc ferrocyani^le of tantalum is obtained by treating 
a tantalate solution with potassipm ferro'oyanide, and ^ a yellow 
precipitate. ‘ 

The acidic character of tantalun^ pentoxiiie is less feeble than 
the fiasic character. *‘Tantalic acid ir. sok/Me in* Solutions of caustic 
alkalis, t^tflalat^s being formed ; the st^me subst ./nces are pro- 
duced when the an}|ydrous ox^de iu treated with a fused alkali. 
The^ ^olutle tantalates obtained b;^ tl(p crystallii^-ation of a solution 
of tantalic oxide jn* alkUine Ivydrbxide have such edmpositions as 
l^a 8 Ta 60 u,. 25 H 26 and- K^TaeOia.lGHgO ; tfiey are colourless 
compounds.! From their solutions iiK'.oluble tantalates of analogous 
compo/iition, such as rpagnesium tantalate, Mg4Ta60i9, are obtained. 

• *' *■ c P 

B. 'Compounds^d'f Tetravalent Tantalum. , 

. rr^r\ a i al- j. 
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heated with magnesiiyii. !)(t grey 8iil>8tance, ifnattacked by 
acids. No salts ,are know, but tht^ corresponding siflphide, 
TaSg, i§ obtained by heating the pentoxiijc in*h 3 ^irogeji g^s loaded 
with the vapour of carbon di, sulphide. • The sulphUo is a 
yellowish substance, undissolv%l Uy* hydrochloric a?id. ^ 

C. Highly Oxidized Compcunds of Tantalum^ 

When a potassium tantalate solution is treated with liydrftgen 
peroxide and then with alcohol, a white precipitate of potasliuniL 
pertantalate, 2K3Ta08.H20, is thrown down. By^the action of 
dilute sulphuric acid upon the potassium salt, pertantartc acid, 
which^ has the formula HTa 04 , obtained ; this iy also a white 
substayc(\. 

I). Miscellaneous Compounds. 

Chlorides of Tantalum. The* pentachl(v*i3e of "tantalum, 

TaCls, is formed in exactly the wame way as that of niobium, namely 
by passing chlorine over a hbated mixture of tantalum pentoxide 
and carbon. It closely rcj^embles the niobium compound, forming 
pale yellow cKystalline n-^dles, which melt at 21 1° C., and*are quite 
volatile below that temperature. It is at once hydrolysed by water, 
tantalic acid being produced. 

When heated with aluminium in the presence of aluminium 
* chloride, the pcntachloride suffers reduction to a mixture of lower 
chlorides. If the product is heated at 350-400° C., so as to drive 
off the aluminiem chloride, the residue consists mainly ^f the 
trichloride, TaClj, which is green, and dissolves in water, yielding 
deep green solution. If the h(‘ating is conducted at higher tem- 
perature *(510° C.) tantalum pentachlftrifle driven off, and the 
residue consists of a mixture of the trichloride anft a black-green 
dichloride, TaCla, which is insoluble ^n water.- ^ 

Nitrides and “ Hydrides.”* Like niobium chloride, tantalum 
chloride absorbs ammonia, and, if the product is heated gently in 
ammonia gas, g.^j'eilow nitride is obtained, stated to possgss the 
formula Ti^Ng. If, .hOwevcT, the heating iS conducted ^t a higher 
temperature, a black rfltridc containing ^ess nitrogen (possibly TaN) 
is obtained.^ Like most nitri^cw, it has a* metallic lu§tre, and in 
this case th^»pseudo-metallift character is furliher emphasized by the 
fact that it is a igodd conductor ^f electricity. ^ Tantalum heated 
in ‘nitrogen also takes up the gas, fo®^ng a black nitride.^ the 

• • • , 

' P. Melikoff and L. Pissarjew^ky, Zeitsch, Anorg. CAem.’20 (1899), 344. 

* O. Ruff and F. Thomas, Ber, ^1^(1922). 146ff. • • 

* H. E. Roscoo and C. S^orlemmer, Chentistry*’’ (Mao- 

millan), Vol. II. • * 

* W. Muthmann, L. Weiss and R. Riedelbauoh, LUb. Ann. 355 (1907), 94. 
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formulae given must be accepted ^/ithjcautipn ; the work requires 

to bo ifevised in the lighlf of* recent research 6q the combination, 
dissolution ^nd afisorptiqfi of gases hj other metals, notably palla- 
cfij^m.c f « , » 

• Even greatef cautfon should observed whilst considering 
statements regarding the existence of hydrides of tantaluih. Tan- 
talum ta^kes ifp largd quantities^ of T'-ydrogen when exposed to the 
gas* but the amount absorbed varies continuously both with tem- 
perature and pressure.^ At constant temperfiture, the quantity 
of hydrogen faken up by tantalum is proportional to the square 
root of the pressure. This would seem to indicate that the'hydrogen 
enters the tantalum as single atoms, not as molecules ; ^ there 
is no conclusive evident/) of the existence of any definite Ijydride. 
The general character of the absorption is similar to that displayed 
by palladium. lA. tantalum cathode employed in an acid solution 
also takes* up hydrcCgen, the metal becoming brittle and /he potential 
being altered in thecicgative diree'eipn.^ 

Analytical* 

An acidified solution of a tantalate git^cs a /ellow precipitate 
with potassium ferrocyanide, and also a yellow precipitate with 
tannic acid. No blue coloration is produc(‘d by the action of zinc, 
and no yellow coloration by the addition of hydrogen peroxide ; in* 
this way, tantalum can b(‘, distinguished from niobium. 

Thf separation of tantalum and niobium from other "metals, 
and the estimation of the two metals in a mixture, was discussed 
in the scctiofi of niobium (p. 290). 

TERRESTRfAL OCCURRENCE OF NiOBIUM AND TaNTALUM 

Niobium sfAd tantalum to found together in nature almost 
always as mixed crystals of nioUx-teg and tantalates ; ‘sinco the 
salts are iftomorphous, the atoms of the two metals may bo present 
in variable proportid^is ; they clearly f^l fno ;iame role in the 
crystal-ar^Jii^ecture. 'I'ho elements, unufec’ vanadiui?), have for 
the moot psTft, beceme conaentrated in the acidic portions ot igncuus 
rocks, and are found ^principally q\, or close to, pegmatites. It 
seemt ‘likely that the' compounds pf fantalum ^nd t|iobium may 
actually have beer*givep off b/'the igneous maso in the vaporous 
condition ; for columbite is* commonly found associated with com- 
‘ pounds of tin and lithium, met&ls which are known to have arrived 
at theii;' present «ondition by pnqppaatqlytic agency. The impure 

^ 1 A. Siev^rts and E. Bergner, Ber. 44 (19 11), •2394. 

* G. Oestijrheld, Zeitscfi. Ekktroqhem. 19 (1913), 685. 
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niobate-tantalate of ircjii, u^Uall;f^ coiitaiiyng manganese and other* 
metals, is known^ as 

(?olumbite . F 5 (:^flb 03 )? 

or • • . 

Tantalit^ . Fe(Ta 03 ) 2 , 

according as niobium or tantalum predominatc's. M^st specimens, 
however, contain both elements, find, since manganese often* re- 
places the iron, the general formula may be WTitten 

^ (Fe,Mn) ((Nb,Ta) 03 ) 2 . 

Gigantic masses of columbite are found in the tin-ore^ of the Black 
Hills, "South Dakota, along with equally hi^c crystals of the 
lithium •mineral, spodumeno. Columbite and tantalHe crystallize 
in the rhombic system. 

Many of the ores of the rtare-earth metals v%hi(!}i hawi already 
been described arc also niobatcs and tantajates. For instance, 
samarskite is % iiiobate-tanfalate of cerium, yttrium and other 
rare metals, as well As of q’on and calcium, whilst euxenite is a 
niobate-titanate of ceriuiii, yttrium, erbium and other rare metals, 
and is often comI)arativ^ly free from tantalum. * 

Tkchnoloqy and Uses of Tantalum 

When electric lamps with nietalli(; lilaments were first introduced, 
two metals wen? considered suitable, namely tungsten and tan- 
1 idum. The former would withstand a higher temperature without 
melting or volatilizing, and seemed, therefore, likely to^provc more 
efficient ; Ipit tantalum had th» great j^dvantiige of being ductile, 
and therefore capable of being drawn out into wire direct means. 
(Consequently, a considerable tantalum industry sprang up, especi- 
ally in Germany, ^ the principal source Af the metal l^dng Scandi- 
navian tafitalite ; tantalite i^ siq^eiior to other tantalum minerals 
as it is often nearly free from ^niobium. The raanufactin'e of tan- 
talum was afterw:^dft con^duct^}d in this cou^fry.**^ Howovea, the 
discovery of ^4 process* of fenilering tungsten ductile Jiaf» nullified 
the ^special advantage of tantalum as awiaterij:?! for cibctric fila- 
ments. ' 

No doubt. :y^)r tllis reason, •efTprts have J^ceh made by thcife^ in- 
terested in the tantalum industry tt> find ijew* \!f»s for the metfj, 
and ‘it has become of great service fouMna.ny purposes for which 
the more precious material, platinum, wa^ at one time thoVight 
necessary. For dental inf^ruiqepts, tantaihm ie said t(\ have 

^ W. von iiolton, Zeitsch. Angew. Chem. 19 (1906), 1537. 

^ S. J. Johnstone, J. S(^. Chem. Ind. 35 (1916), 812. 
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proved^ very satisfactory being hard, nncorrodible atid easily 
sterilized.^ Weights made *of tantalum (instead of platinum- 
Hdiuip) have received che official approval of the ‘International 
Ay>m^c Weigh^ Comrpittec? for scieijtidc use, and may be regarded, 
therefore, as entirely^reliable.^ * has also been proposed to use 
tantalum as an electrode material^^ but It appears to be scarcely 
adqpted»for tf^iis purpose. As foii af.ode material, it is admitted by 
all be unsuited, on account of valve-action ; even when employed 
as a cathode, it is liable to become brittle,* through taking up 
hydrogen, if the current density becomes unduly high. 

Little information is available regarding the method now used 
in workiiig up the ores of tantalum. It is understood that the 
mineral is ground ^aiuk fused with potassium bisiilphate «and the 
product leached with water. The tantalum oxide, whicih either 
remains *iindiss‘olved or is reprecipitated on boiling, is purified 
somewhat by boiling with hydrochloric acid, Miich dissolves away 
most of the metals Vith strongly Ijasic properties. The tantalum 
oxide is then dissolved in hot hydrofluoric, .i-eul, and potassium 
fluorideps added ; the solution deposit^ tjie rather sparingly soluble 
salt, potesium tantalifluoride (K2TaF7)i By fractional crystal- 
lization, this salt can be purified. When sufficiently pure, it is 
fused and electrolysed— or treated with potassium-* -tcvgive metallic 
tantalum. Tlu^ metal is afterwards heated in vacuo, so as to expQl 
the last trace of impurities ; this gives a ductile product. The 
tant^xlum obtained by reduction of the oxi^je with carbon* contains 
carbide, and is less satisfactory. 

The elec<rical refining of crude tantalum is perfectly possible, 
if a bath of fused ,potassj[um tantalMuoride is employed. * The crude 
metal is used Ls anode ; tantalum passes into the bath at the anode, 
and the pure metal is deposited on the cathode.'* 

In addition to the uses reh^rred to above, tantalum has been 
employed as a constituent of cerlaiw special steels. 

,> 1 E. Cahen, Viswven/, 1 (1920)5 143. *■ , 

a See Nature, ^7 (1911), 261. * ^ • 

Brunck, Chem. Zeit. 36 (1912), 1^2 ; 38 (igt^4), 665. 

• « ^MeVChem, Eng. « (1910), 160. ■ ’ 
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Atomic Wifcight. 

Chromium 

. .. 

Molybdenum 


Tungsten 

. 1S4.() 

Uraifiiim 

t 


The metals of Ofro.^p VTa diffia* from those of Group Va in being 
far less mallei^ble ; like tJu' nuTals of the previous group, .they are 
extremely infusihle, tui^sten having a higher melting-ifoint than 
any other metal. 

All th(' (ftimhits of the group have a maximum valency of six, 
•and form stable oxides of the type MOj ; Jmt there are also, in every 
case, stable (iompounds corresponding to lower valencies. As 
usual, the higher oxidii tends to have an aiudic character, aiyl the 
lower oxides a comparatively basic character. A certain analogy 
exists betwei'ii the metals of Group VI A and the •elements of 
Group V>B (sulphur, sekuiiun! and t:^^llyriiihi). The chromates, 
for instance, have formuUe analogous to the sul|^hates, and are 
often isomorphous with them ; there is a connectioi^ between the 
solubilities of the two (Masses of salts. 

As in most cases of elerneifts of variable valency, the compounds 
are often coloured, and the coyiur is more proTjounccul in chromium 
than in the clciflfffits of IfigbiU’ atomic weight ; this is inteTesting 
in ^ew of tlT% fact that»chromium falls in the PeriodictTable by the 
side* of vanadium, which sho ass such a refnarkabfc range of cMourcd 
compounds. ^ ^ ‘ 

The metAl?5 differ from unos® oi^rne prev'yus group in eieciro- 
chemical properti(?8 ; an electrode compoi^d o? ^ metal of Gremp 
VI A does not, as a rule, sl^w valye “Action, but easily bepomes 
passive. Substances which Have a solven^ action on the oxides 
tend to restore activity, ilt i;f difficuH to ajsigh a characteristic 
electrode potential to any of the me^ls, tecaus^he values obJiained 
depend on the previous history of the electroile. This is shown 
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by the table belbw,^ whiV‘-h indiciit^ how widely the vahie of the 
potential towards a norirfal ’solution t)f potassium chloride varies 
^ter ^%r§nt kftids of c^^reatment it should be adRled that the 
values refer to sample^ of laetal whjph are not absolutely pure. In 

* the case of chromium, ^the value ’giv^m for the freshly-ground surface 
probably shows the approximate^ positibn of the metal in the 
Potential Seri^B, ancf the more i^egtiivc value obtained by cathodic 
treatment is due to hydrogen. In the case of the other metals, 
'however, thif^ is not necessarily true. 


%. — 

% 

Rendered active 

(by cathodic 
treatment in 
, cooled alkaline 

Fresh Surface 
(uroimd with 
emery). 

« 

Rendered passive 

(by immersion in 
chromic acid). 

• 

ablution). 

• 

Chromiufti •. 

• 

— 0*63 volts 

— 0-43 volts 

• 

+ 1-19 volts 

Molybdenum 

• 

- 0-74 volts 

1 k " 

— 0-31 volts 

f 

043(i voKs 

•* 

Tungatoil 

— 0*02 volts 

« 

— O volts • 

+ 0-88 volts 


It should be understood that these numbers do not represent 
the normal electrode potentials of the metals in qiu^stion, being 
obtained with an electrodi^ immersed in potansinm. chloride solutions. 
The fesults of the attempts whieli have been made by later workers 
to obtain tljc true “ normal electrode potentials ” of the elements 
of Group VIa are ope/i to nyire than one interpretation, and will not 
be considered ^here. • 

^ From minjiierH given by W.^Muthmaiin and F, Franul)orger, Sitzumjsbvr. 
Bayer. Akad. 34 (1904), 2(0. ((’oiivorted to hycW)gcii Hcaie. ) Compare alwo 
A. H. W. Aten, Broc. Amst. Acad. 20 812. • 
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CHROMIUM » 

Atomic weight ^ 52-(/ 

Th(i M^tal 

In physical properties metallic chromium is not unlike the k^wer 
elements of the last group, being a hard grey substance, assuming 
a metallic^ lustre when polished, and having a very high iwelting- 
point (between 1,520° and 1,530° C.). It bas a specific ‘gravity 
of 6-93, similar to that of zinc. The hardness of chromium is 
greatly increased by the presenc*e of small (piantitigs of carbon. 

Compact chromium is not appreciably affecded by exposure 
to the atmosphere. It oxidizes only when heated*to a yery high 
temperature.* As usual, the ei{)parent stability of the compact 
metal in air is to^lx; attributed mainly to the presence of a closely 
adherent oxide-filnr,^ for chromium-amalgam is readily oxidized 
by the atmosphere, and . tfie finely divided chromium 5 )btained 
from the arnalgaln l)y driving off the mercury takes Are spon- 
taneously when exposed to air. 

ChromiunT* dissolve's in dilute sulphuric or hydrochloric acid on 
Vanning, hydrogen being evolved, whilst blue chromous salts 
(CrCl 2 or Cr!S 04 ) are formed in the solution. But it becomes 
passive when immersed in concentrated nitric acid. Even Jhose 
reagents which have a solvent action upon (chromium often show 
“ periodicity,” the chromium being insolubhi one iflinute, and 
soluble tin? next. This behaviour is cortin|onl5^ met with in metals 
which tend to become passive. 

The passivity of chromium, howc'ver, is best upderstood by 
studying yie behaviour of a chromium anode. ^ When chromium 
is made the anode of a cell containing hydrochloric acid, it dissolves 
almost quantitativekv, passiu<]| into the solution as chromous ions 
(Cr“) which give'lT blue clilo’jr to the solution round the Itfiode. 
Ifjt is rnade'^he ano3e»in a sulphate or nitrate ^soluti«ii»*the same 
8ort**of dissolution may occu.> (at^ least for a time)* if the Current 
density is lo’sj^. If, howevei^ tlic E.M.F. applied to the *ceU is in- 
creased, th5*chromhwn becomes ^issive^anci ceases to dissolve 
as a chromous salt* ; accordingly the current dies^away. If finaMy 
the E.M.F. applied to the cell is incre 9 ,sel^still further, the chropiium 

1 W. Hittorf, Zdisch. Phys.Chem^^S (189t^), 72# ; 30i(1899), 48F^ C. W. 
Bennett and W. S. Burnham, Trans. Amer. EifictrochmittSoc. 2^ (1916)^ 252 ; 
A. H. W. Aten, PJhc. Atnst. Acad. 20 {19J8), 1119. 
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commences t(j dissolve once more,, not, however, as a blue chrbmous 
salt, but as yellow chromic acid»'(Cr 03 ). The formatioil of this 
endothermic, highly oxidized substance needa,’ a high anodic 
j|ptenti^i\ (at least; +1*1 i&'olts). If ^he solution contafns an iodide, 
it T^ill be impossible to reach so po^tlve a value, sin'oe iodine ions 
are discharged at aboik + 0*6 voltstf and consequently the addition 
of an iodide to the bath prevents the dissolution of chromium as 
yellow chromfei' acid. (For furtherirliscussion of “ passivity ” see 
Vol. Chapter XII). 

Passive chrpmium exhibits a potential similar to that of platinum, 
although active chromium falls between zinc and cadmium in the 
Potential Series. 

Laboratory Preparation. Chromium differs from most'of the 
metals so far oonsidereef in being capable of electrolytic deposition 
from an aqueous solution. If a solution of chromic chloride, 
CrCla, containing 10 per cent, of chromium, is electrolysed at a 
fairly low cathodic current densityv (0-1) amps. p(T sq. dm.), only 
an oxide of diromium is deposited on the catlmde. But if the 
current density is raised to t) amps, per sq. di/r. then the deposition 
of metalMc chromium may begin, llie* high current density is 
needed to' ensure that the cathodic potentild is sufticitmtly negative 
for the deposition of the metal. The deposition is, however, not 
efficient, and the metal obtained is usually far from ^)ure. At a 
high concentration of chromic chloride, the deposit contains* 
chromous chloride (CrClg), whereas at lower concentrations it is 
apt (o be contaminated with oxide. ^ Chromium amalgam is, 
however, more readily produced, being formed whenever a chro- 
mium salt solution is electrolysed with a mercury cathode, When 
this amalgam is dvitillech atf 350° C.* in hydrogen, chromium is left 
behind in a fiKely -divided form ; in fact, if distilled at a rather 
higher tempej^ature, the resi^luc is pyrophoric.^ 

Electrolysis is not, however, the easiest method of ^obtaining 
metallic chromium. The oxide may* be reduced to the metallic 
state by heating wj^th carbon or \^ith aluiqinium, or with dry 
hydrogen under pressti^’e. In the firfst- (;j»se the pT'bduct contains a 
great deaf "of ^carbide, which has a consider;*ble effect^fn modifying 
the properties of the metal. Ri^'duciion with aluminium (“ ther- 
mite ” process) is cajjablc of giving m^ich purer .chropium, and is 
the process commonly employed.'** A dry niixture df‘ aluminium 

^ M. Le Blanc, “ Production of Chronijum and Compounds by the Aid of 
^ the Eleotcic Current.” Translafior^ by J. W. Richards (Chemical Publishing 
Co.). 'See also S. J. Sargent, Trans. Amet. Electrochern. Soc. 37 (1920), 479. 
Also oonv^re E. Li^breich, Zeiisch. Elektrochem. 27 (1921), 94. 

* H. Moissgn, ' ' TraP4 de Cljimie Mm^raJe (Masson). 

* M* fJr>lrlfii>rtTnifn n.nH n. Vn.nf.in. J Snr. TnA. Iff nSftSL .543. 
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powder and green chromic oxidte prepare^ and pla^d in a mag- ^ 
nesia cruftble. A p^l iSnsistir^ Vf alumj^um ponder and barium 
peroxide is made ;• a piece dt magnesium is stuck into it, and the 
pill is embedded in the mixture. The m%gne8iuSi is Vgh^^, an^ 
the aluminiunf of the pill reacts with the hariuin peroxide, producing 
a temperature high ynou^h to sWrt the react/on in fhe body of The ’ 
mixture. The change ^ * 

Cr,0, + 2Af = «Cr + AL ,03 

occurs so quickly and causes the evolution of so much heat thaf the^ 
chromium produced IxHiomes molten, and collects at the bottom 
of the cnfbible. After cooling the mass may be broken up, and a 
button of solid chromium will be found at the bottonv 

Another method which, it is claimed, yields (Jiromium in a state 
of great purity consists in heating the green oxide intlry hydrogen 
at a high pressure (130 atmosphert'«i*in a magnesia,cruciljle wound 
externally w;th tuiggsten wire, which is itself surrounded* by heat- 
insulating material.^ By passing a heavy ^Tirrent tlirough the 
wire, a tcm])(*rat«*r<> of o\ er 2,r)00" (‘. can be reached. It is best to 
introduce a little soJium i^ito the cooUu* part of the furnace to 
absorb water va])our. Ihe (equilibrium of the balanced ^feaction, 
CrO +H,;z:::^Cr + H ,0, 

is natural ly*y»liifted in the sense desired l)y increasing the pressure 
^)f hydrogen, and by decreasing the presf*nre of water vapour. At 
ordinary pressures, hydrogen docs not bring about appreciable 
reductioli of the oxide 4 )f cliromium. 

Compounds 

Three important oxides of Miromiufti ^xrc*k^own, CrO, Cr.^Oa 
and CrO 3 , each of which forms a definite class of coiipounds. The 
two lower oxides (CrO and Cr./.);,) are basic ; the highest ((JrOa) is 
acidic. The oxide, Cr^O;,, also .s(‘ems fo possevss feeble acidicj pro- 
perties. Certain intermcHliat»()XMl(‘s siu^h as OO.^ can be obtained, 
but no derivatives ^have b(‘^n })r(‘i)ared. iVJany compounds of 
chromium in ii hfgtier statf of,oxidatioi\thai\*Cr 03 are knowTT. 

AT^^ompounns oi uivalent ChromXim (Ohr»motis /Com- 
pounds). 

O p J P JP 

ChromotJs oxide,, CrO, is formed when cqromium amalgam is 
expensed to the aii' It is most convenieiitiy pi^^fared by treating 
chromium amalgam with dilute nityc 4tid.^ On gentle warjaing, 
the mercury dissolves and th(^ chromous oxide remains as a black 

^ E. Newbery and J. N. Pnng, Proc. Roy.§Soc, 91^4^] (1916), 2f0, 

* T. DieckmttuA and O. Haid, Zeitsch^ Anorg. Chem, 86 (1914), 391. 
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^powder. Th^ correspowiing hydroxide, O(0H)a, is obtained as 
a browp-yellow precipitaif^^ w^en#a fihfomom 3alt solutio*h is pre- 
cipitated with ammonia.^ ’ Both -anhydrous oxifi^ ai^d hydroxide 
rea(lily oxidized by the air to chuomic oxide. 

, Q^romous s:alts not obtaiiy3(l when chxomous oxide dis- 
solves in acids, since— in so far'^as dissolution occurs cat all — 
hydrogen is evolved And chromic salts are formed. In some cases 
chrerpouS sarfs'are produced wKCn ^metallic cliromium reacts with 
3 ndti- oxidizing acid (e.g. dilute sulphuric §cid), but they are 
more conveniently prepared by reduction of one of the higher 
compou^fds of chromium, for instance by treating a chromic salt 
with zinc. Ip many cases, however, it is better to conduct the 
reduction electrolytjcall^,^ a lead cathode being employed'; the 
solution shouM be covered over with a layer of light petroleum to 
prevent renxidation of the chrornous salts by the air. The chromous 
salts have blue solutions with very strong oxidizing properties ; 
they actually evolve Jiydrogen whe^^i warmed or when treated with 
acids. They reduce acetylene gas (C2H2) to ethylene (C0H4). 

The anhydrous chloride, CrClj, is formed 6y passing dry hydro- 
gen chlofide gas over metallic chromium heated in iu tube. It is a 
colourless compound. If required in solution only, it is more 
readily obtained by the reduction of potassium dichromate 
(K2Cr207) with zinc in the presence of hydi’ochloric Jcid. When 
reduction is complete the solution is blue, but readily absorbs oxygen 
from the air, becoming green owing to the formation of chromic 
salts.*' 

The insoluble chromous acetate, Cr(COO. 0113)2, is obtained 
by precipitation of chromous chlorii^e solution with sodium acetate ; 
it is a red precipitJite, soiuble in acids and affords on thh,t account 
a means for obfaining various soluble chromous salts. For instance, 
chromous SA^lphate, CrS0t.7H20, can be isolated in blue mono- 
clinic crystals, isomorphous with zi,nc sulphate and ferrous sulphate, 
from the i?olution of chromous acetate in sulphuric acid. The pre- 
paration of all chronkous salts is, howljver, made difficult by the fact 
that they^ are so easily oxidized. S^jveral, Ijke^tlie formate and 
malonate^aVe jedin the crystalline state. •’ ^ • > 

i 

/ • ‘ • 

^B. Compounds of^Trivalent Chi\)mium fChrolgiic Com- 

^ pounds). • * • , 

Ghropiic oxide, CrjOg, il8» obtained^when any of the other oxides 
" are ignited in the presence ol air at a high temperature. It is 
most q^ily prepared* in *the anbydrpus condition by warming 

€ ^ W. Traube and A. Googlaon, Ber.^ 49 (1916), 1§79, 1692. 
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solid amnionium dichropate in ^ hard-j'a^s flask, ^he change, * 

. I (Nff,) A A -- Cr.03 + + 4H A 

when once stiwted,. is rather violent, light agrid heat being given 
out ; after the reaction, chroiL c Oxide is Ic^t bohAid as a grfton 
powder. > 

The hydroxide is obtained f)recipitating thc*lolutiou oj^ a 
chromic salt with, aieinonia. It is a gelatinous precipitate w^ieh 
undergoes the prc-»omenon of “ageing,” already lifted in tlie 
hydroxides^ of beryllium and aluminium. When fresh Ijr pre- 
cipitated, it is rea'X'i}^ dissolved by acids or peptized by alkalis ; but 
if stor^l for some time it becomes less reactive. 'llio ageing is 
perceptible after a few^ minutes, but contirfues for Sf^me months. 

It appears to be due to a decrease in the surface area of the product, 
which becomes denser and more (tom pact. If the* preci^iitate is 
heated rathci rapidly to aboid- 540" C., the agglomeration (or 
passage to the denser form) tak^e's place rapidly and quite suddenly, 
with so great an*evohdion of heat that the mass becomes incan- 
descent, the temperature^ .rfsiiig spontaneously through another 
50-100°.^ This ewlutiomof heat is a sign of the sudden'drop in 
the surface energy of the mass as the surface area becomes so 
greatly redue*', 1. 

• Freshly precipitated chromic hydroxide readily passes into 
colloidal solution, being peptized either by alkalis or by water 
I fuitaining a chromic sii]t. In both cases, the hydroxide car^ be 
s«'p{^ated from the colloidal solution by means ejf ultra-filtration.''* 
Nevertheless, the liquid obtained by shaking chromium •hydroxide 
with a soluliion of sodium hydroxide is Ulic^jght by some chemists 
to contain traces of “ chromites ** in true solution, si Ace the liquid 
is oxidized by the air yielding a chromate, and thq^amount of 
chromate formed increases with the) concentration of thc^ alkali 
emplo 3 md.^ The arguments fontanel against the existence of^ soluble 
chromites of definite corapositir^ camiot be discussed further, but 
it may be stated tkat the «vieVnce addqped 4m either side l?far 
from conclusive. It is^’i^^tercsting to note, however, tl»a^*the in- 
soluble chromites of the hca.^y' metals are well-known bo*dies. 
Chromite 'of ire^n, for iiLstanoe^oe ^rs in nature.^ 

Chromic s'alts are farmed whbn eiliromic! oxtcL' is dissolved by 

* % • • 

1 L. Wohler, Roll Zeitach. 11 (1042), 24b; ^ B. Weiser, J. Phya. KJHm. 

26 (1922), 401. 

* C. F. Nagol, J. Phya. Chem. 19 ^19^5), 5C0 ; W. D. Bancroft, Xrana. 
Amer. Electrochem. Soc. 28 (1915)? 351. « • . » 

» J. K. Wood and ¥. K. Black, Trans. Chem. Soc. 10‘> \910), 164. Com- 
pare H. B. Weiser, J. Phya. Cheml 26 (192^, 423, 428. * 
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acids, or when a dichfoi^nate is /educed hy^ a mild reducing agent, 
e.g. sulphur dioxide. T^^ Classes Of chromic salts exist, both being 
compovnd^, in the^ sai^e state of oxidation ; the most* obvious 
difference between them \ies in the'*cplour of the solutions. In the 
one class, the salts a;*e blue ortlar’^ purj^le, having violet solutions ; 
in the other chiss both salts and solutions arC green. If^ solution 
of a ch|:omic;. salt is "kept for some lime, an equilibrium between the 
vii»lv>t and green salt is set up, so that the solution comes to contain 
both varieti^es : — 

^ Violet salt Green salt. 

The equilibrium proportions of the violet and green salt3 vary both 
with the total concentration and the temperature, the proportion 
of green bemg greater in concentrated solutions than in dilute. 
In moderately strong solutions of most of the salts, when a state 
of equilibrium is reached, the violet salt predominates at low tem- 
peratures and the green variety at high ternper^.tures. Thus, 
generally speaking,*' a violet soluti/>n, when heated, turns green, 
and the green solution, when cooled, returns to The violet colour. 
The rate at which equilibrium is set up, ^however, varies in different 
cases. Where a solution of the chloride, nitrate or acetate has been 
rendered green by warming to 95° C., and then cooled, the return 
of the violet colour is fairly rapid. In the case .of. the sulphate, 
however, it may take ^some weeks. ^ Furthermore, the velocity 
of change varies greatly with the temj)erature. If a green solution 
of chromic bromide is cooled quickly, and is kept at room tem- 
peratures, the change to violet requires some hours ; if, however, 
it is warmed somewhat, the change is much more rapid, although- - 
owing to the shvfting qf .:quilibrium- — it is less complete, the final 
product haviiig a blue, rather than a violet tint.^ 

In practipilly every case the violet salt is less soluble than the 
corresponding green salt, and it is therefore easier to isolate the 
violet salts in the crystalline stale. Attempts to prepale the green 
salts by evaporation of the green s<jlutions, often lead to hydrolysis, 
and a basic salt — or sometimes a gummy colloidal mass containing 
the hydsroiiide— is produced. It is wrong to draw the conclusion, 
however, that the green colour is necessarily due to the px'esence 
of basic salts. As a matter ot fact, in many cases where definite 
green salts have been obtained by crystallization, *They are found 
to have the noi fnal c imposition ; for instance, the rhombic green 
ch]pride (CrCla.GHaO) ha3^ the same composition as the monbclinic 
violet chloride (CrCla-GHaOj. Actually the addition of an acid to 
a solution oftbn shifts the eq«ibbri«m so as to favour the pro- 

1 W. R. Whitney, Zeitsch, Phya. Chem. 20 (J896), 40. 

* A. Recdura, Comptes Rend, ITO (1800), 1029. 
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duction qf the green sak,' whichi would rf;t*be the'cafe if the green* 
colour were due t^q'a basic- stib’^-anfie. 

It has lon^ been known that the green Sifjlutien^havq^fin (jlectrica^ 
conductivity different from that of violet solutions of equa* con- 
centration, and advantage has^ . SfXMi taken of this ^ircumstanci to * 
follow the variation in the propcvtiorus of the two salts during the 
process of attaining equilibriun'^ It has also ttecui ke^:)wn /or some 
time that, in a solution of a green salt, only a fraction of thojkcid 
radicle appears to be in reactive condition. Thus, in tj;ie case of th^f 
chlorides, the whole of the chlorine in a vioh^t solution is prec/pitated 
by silver fdtrate in the presence of nitric acid, whilst, in the green 
salt, only one-third is })recipitated by the same reagent. 

The case of the sulphates is similar; by,heitting the violet sul- 
phate, Cr2(S04)3.18H20, at ( -., a green sulphate, (>2(804)3. SHgO, 
is obtained which show's none of the reactions of a sulphate, yielding 
no precipitate with barium (diloride at ordiiufiy tem])?Tatures.2 
But after standing for half anjiour it undergU's a change*, and the 
product then relucts with barium chloride. 

Other green sulphates ^ l*ive been described, which react with 
barium chloridtJ, part at^feast of the (8O4)" being preci^Mtated as 
barium sulphate. IVo of these appear to exist in small amounts 
in a dilute solut’on of the violet sulphate which has been kept for a 
long time so as to arrive at a state of ejjuilibrium. if alcohol is 
added to such a solution, the ordinary violet salt is precipitated, and 
there rerpains in solution a green salt having one-third of its (8O4)" 
in a state capable of precipitation by barium chloride. If, however, 
lh(^‘ aged ” solution of the violet sulphate is first concentrated 
and then treated with al(5ohol,*the j)regipitat# consists of a lilac- 
grey salt fiaving approximately tw'o-thirfis of ^ts *(804)" pre- 
cipitatable ” by barium chloride. This lilac-grey salt quickly 
undergoes further changes. Kecoura il‘gards it as a'^double salt 
formed by jombination of oiu^ molecule of green sulphate and two 
molecules of violet sulphate.'^ • 

It has been shep^n that ip sdne cases the g^Cen and violelfisalts, 
when precipitaced with alkali, yjeld green and blue-viole(^li^«iroxide8 
respectively. Nevertheless, casq^ are kno^n whefte » solfition con- 
taining more green salt than vi(^ct yields a itiolet hydi’oxiide with 
ammonia ; p> vie^ of the •relatively smpll ^solubility of Vfblet 
compounds (a genorafization whicl^ presu^J)a6lJ •extends to th#i 
hydroxide) this is not especially surprisilig. Other insolublp salts 

• 

^ J. 01 ie, Zeitsch. Anorg. Chem. (1906)^47. 

2 A. Recoura, Ann. Chim. Hys. ^05. 

* See also A. C<ilson, Cornptea Rend. 140 (1906), . 

* A. Recoura, Gomptes ife7id.;i69 (19l9), 1163 ; 170 (1920), 1494. 
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likewise exist^ in 'oho two forms ; feus a vh>let hydrated phosphate 
has been obtained by precipitation /rotn cold solutions, and a green 
jiydrated pbosphkto' froi)? hot solutions. The latter giVes oh gentle 
heatihg a black anhydrour? phosphate (CrP 04 ), which yields green 
ba^c salts on strong heating. ^ ‘ ^ 

The existence and reactions of ‘iJhe varidus salts is to sofiie extent 
accountad fo?^con Wbrner’s assumption of a stable “ group of six 
arobM each chromium atom, no member of which “ group of six ” 
ik capable oi^ ionization.^ According to this theory, we can write 
the tw(' chlorides, 

fCr(H,0)6 ] Cl, Violet Chloride 


and 

a 


r.v(H.o), 

L <-''2 




C1.2H2O 


Green Chloride 

r 


thus exphining.why only one-third of the chloride of the green salt 
can be separated by means of silver nitrate. ,, The fact that the 
green salt loses two of its molecules of water of crystallization when 
kept over sulphuric acid in vacuo adds support to the formulae 
just proposed. u 

In thQ case of the sulphates there are two atoms of chromium 
in each molecule ; hence we have the possibility of twelve unionized 
HgO groups. The divalent radicle (SO 4 )'' shopld replace two 
HgO groups. Thus we can write for the hypothetical formulae 
of the different sulphates : — 



The first compound clearly rep^sents the violet ionizing salt, 
the last being the nok-ionv^ing greentsalt ; the sMmd may represent 
the lilac^^gfey si\lphate ^having two-thirds 'of the '(SOi)" in the 
precipitable condition, whilst tl;ie tkird may be the green sulphate 
wh|c|a has one-third, of its (SO4)" fh tjie reactivq condition. 

The scheme of correlation suggested abov^ explain^’ many of the 
Observed facts, 'and llo doubt represents a close approximation 
to fectrutk. But it is td be noticeckthat in many cases the number 

^ A>F. Joseph and W. N. Rae, Trans. Chem. Soc. Ill (1917), 196. 

*.G. p. ,Higley^ J Amer^ Chem.* ^c. 2b (1904), 613. See also J. Olie, 
Zeiisch. Anorg. Chem. 51 (1906), 29 ; W, R. Whitney, Z 4 .it 8 ch. Phys. Chem. 20 
(1896), 64. ‘ ‘ 
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of moleci^es of water feund experimental 1/ for the rilimerous salts 
exceed those requ|rdd for thj> fbrmatif)n^i)f the complex ; thus the 
formula* for the violet sulphate given above requires twelve mole- 
cules of water, whilj^t the violet . 4 ulphatc, ^isVe know it, iiaseijiiteen, 
the excess water being presiiii ably loosely oombilied “ wateir of 
crystallization.” It is ind(3ed staled that the*violct salt, after being 
dried in sunlight, contains onlv twelve moleciries of, water, the six 
molecules of “ crystal-water ” Wing given off during the cW^ng 
process.^ * ^ 

As already stated, the violet salts arc more easy to crystallize 
than the ^een, and are therefore better known. One of the best 
developed is chrome alum, K2S04.Cr 2(804)3.2411^0, which is 
conveniently prepared by reducing potassiuqi dichrornate (KgCraOr) 
with sulphur dioxide ; it crystallizes out in very* dark purple 
octahedra, isomorphous with the other alums. • • 

The hydro.ted chloride (CrCla.bHaO) has already bocfi referred 
to above as existing in two fornis (violet and green) ; the anhydrous 
chloride, CrCl;jf is best prepared by passing dry chlorine over a 
mixture of chromic oxide aiad carbon heated in a hard-glass tube, 
and forms vioiet-red scales. The pure anhydrous chloride is dis- 
solved so slowly by water as to appc'ar practically insoluble. Actu- 
ally, ho^vever, i^ has a high solubility limit. If a trace of chromous 
chloride be present, which acts as a catalyst for the dissolution 
process, the chromic chloride passes inV> solution quite readily 
and solutions of over 50 per cent, concentration can bo obtained 
before the solubility limit is reached. 

'C. Compounds of Hexavalent Chromium jChromifc Acid and 
the Chromates). 

When a chromic salt is treated in the presence of alkalis with 
hydrogen peroxide or othi'r oxidizing jigent, it is cotif erted to an 
alkali salt of the higher oxide, Cr4)3, which has a well-markl3d acidic 
character. For instance, if potassium hydroxide is addcd*in excess 
to chromic sulpjmtc^ solu|i(tn? and tlie mixtfire is treated, with 
hydrogen peroxide, it ^lecomcs yellow and upon evaporation deposits 
yellow rhoml)ic crystals*of potassium chromate, tWhen 

the solution is acidified, the becomes orange, ajid, upon 

evaporation, fields — not, as^might be expects, the ordinaiy«acid 
salt KHCrOi—but A\e anhydro-sftlt po^asSiwjn dichroma^, 
KjCTaOT or K2Cr04.Cr03, which is de^j^sited in fine red triclinic 
crystals. Apparently this sSlt has* a real existence *in soliftion, 
ionizing into • • • * 

2lf‘and [ 0,07 y'. 

' M. Siewert, Li^. Ann. t2b (1863), 101, 
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The orange Colour of aci^fied sdutions of ^chromates iscthus due 
to the ion [Cr207]" just m the yell6\\<' colour 6f/ieutral or alkaline 
solutiong is due to the i^n (CrO^Y'. ^ 

Th«/rcd dichromate is Qonsideral)ly less soluble than the yellow 
chrl/mate, and^is therefore more ^asily prepared in a pure state. 
It is a stable compound and, unlike most compounds in a high state 
of oxidation, ^c^n bef melted withoi|t decomposition. The melting- 
poiffiibi. is about 190° C. The solution has decided oxidizing pro- 
"^;ertics ; it converts, for instance, ferrous salts into ferric salts. 
It is reduced by sulphur dioxide to a chromic salt. The dichromate 
is also reduced by organic matter (e.g. gelatine or gum)’ when ex- 
posed to the* light. 

When further acid added to a dichromate solution, tl^e colour 
becomes a deeper orange. Anhydro-salts containing still greater 
quantitieffj of cbromic oxide are obtained by crystallizing strongly 
acidified Violutions* of chromates. For instance, a solution of the 
dichromate in hot mitric acid of specific gravity 1-2 deposits 
on cooling deep red crystals of potassium trichromate, 
KgCrgOioi while a similar solution in ctronger nitric acid (specific 
gravity \l *4) yields the brown-red potassium, tetrachromate, 
KA4O13. 

Chromium trioxide, CrO;j, from which the .;Lbp,ve salts are 
derived, can itself be isolated from a still more strongly acidifiec] 
solution. To obtain the oxide, potassium dichromate is dissolved 
in 60 per cent, sulphuric acid, and the solution is allowed to deposit 
the drystals of potassium bisulphate (KHS(J4) which separate during 
the first twplve hours ; if it is then mixed with a further quafil'ity 
of concentrated sulphuric (\cid, a mass of scarlet crystals, will slowly 
separate, whicji, after draining, can be washed free from the adherent 
liquid by means of pure nitric acid ; the nitric acid is afterwards 
removed by^ drying the crystals in current of warm air, leaving 
chromii/m trioxide. The trioxido is a powerful oxidising agent, 
and is Ic^^s stable than potassium dichromate. It oxidizes alcohol 
very •''iolcntly, whel^that liquid is^Jlfopped ‘upqTi it ; evolution of 
heat and light accompany^'the change. Chromium trioxide decom- 
poses ,whefi lice ted at 250° C., evolving oxj^gen and yielding ado\Ver 
oxide. * * * t 

S6liitions of chromium trioxide are brange-rect and'Jiave powerful 
oj^idizing propentie^. ^Solutiolis saturated at . high temperatures 
deposit red crystals of the, hydrate, H2Cr04, which may be regarded 
as the chromic acid, from which the chromates (e.g. K2Cr04) are 
derivejl ; but the nafhe “»chroqii(2 aci^ ” is usually applied to the 
anhydrous^oxidef^ClOs. It appears probable, that, in the solutions 
of chromium trioxide, the chromium, exists mainly as the highly 
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ionized “^dichromic acJrjt” HjCraJ)7, which c«>rreap(^dt to potassium# 
dichroinate K^Cr^O^. • • * • • . • 

AmmoniuHi chromate and diChromaJe ar^ {prmed from solu- 
tions of chroyiic trioxide containing amnfonia, the fiAt iTcijig dec* 
posited when ammonia is in ‘’excess, an^ the^*seconj|^ when chronic 
acid is in excess. 

The insoluble chromates are obtained by precipitation. For 
instance lead chromate, PbCfe 4 ^is a yellow procri:^tate*ob^ied 
on the addition of a potassium chromate solution to a solution of 
lead salt ; the same body is also formed if potassiiifn dichromate 
is used iifstead of tlie chromate. It is dissolved by minertil acids, 
and also by alkalis. Barium chromate is a yello^v precipitate, 
and mercurous chromate a scarlet preeipijatc obtained in an 
analogous manner. By the precipitation of silve# nitrates with 
normal potassium chromate, brick-red silver chrornate, Ag 2 Cr 04 , is 
obtained, b^it in Jhis case potassium dichromate in wgakly acid 
solution gives a dark-red precipitate of ^ilver dichromate, 
AgfirX),. r . 

Chromic trioxide is almcj^t devoid of basic properties ; an oxy- 
chloride. Cr()|CL>, is knoVn, which can 1x5 looked upon m a basic 
chloride of hexaValent chromium, but it is at once hydrolysed if 
brought into contact with water. It is known as chromyl chloride, 
and can be regarded as the product of reaction betweim chromic 
acid and hydrochloric acid. The reactit.>n proceeds in two stages, 
both of them Ixdng reversible : — 

(1) CrO,<JJ“+ HCl --:± CrO<[?” + H,0 

Chromic aci(t Cb^oroctiryiiic acid 

(2) CrO,<J,^j^+ H(3 Cr(),<f;j+ fi.O 

Chlorochl’omic aci^l Chromyl chloride. 

When nhroinit! acid is dissob^cd in strong hydrochloritf acid, the 
reaction does not go Ijcyari’djtho first stage;* but, if conoautrated 
sulphuric acid (which, Jiy absorbing tho* water produced^^ll favour 
the’forination of chromyl chlpuido) is adflcd in iihiaJl qualities to the 
liquid,' a heavy dark red liquid UpptOTs, artl sinks to tjio bottom. 
This is chrrrfnyl chloride. 'It yan he scpjirated by means of«a tap 
funnel, and freec? from hydrogen «hlorid(, b^ d»awing air thrqjigh 

it ^ ^ * 

An older method of preparing the substance is by Beating % mix- 
ture of sodium chloride g-nd ^(itassimn dfehromato witlf, concen- 

1 H D. Law and F. M. I^rkin, Tr<m8. Chem. Soc, 91 (1907), 191. 
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i trated sulphupc ^cid. (The sulx)h^j'ic acid ^cts on the salt^ yielding 
hydrogen chloride and ci^oiiiiurfi tripxidc; and these two react 
together, the wa^er ^ pro^luced bGing completely absorbed . by the 
Rulphycic adid. Chromyi chloride ft therefore formed, and, being 
volatile, distils ^away ^ it may be ejected in a well-cooled receiver. 

Chromyl chloride ifl: a very da^l: red liquid, boiling at 116° C. 
and producing a brpwn vapour of»* normal density. When intro- 
du(m^ iiVco w^ter, it is almost at oi^e hydrolysed into hydrochloric 
^pd chromic acids ; if the water is present only^ in very small quan- 
tities, the hyVJi'olysis is only partial, chlorochromic acid, which 
has beeh mentioned above, being produced. « 

OK 

The potassiljm salt of chlorochromic acid, Cr02<^^^ , is fprmed 

by warming potassium ‘dichromate with concentrated hydi^ochloric 
acid ; it separates from the solution in red tablets. 

J). Intermediate Oxides (Chromium Chrohiate^j. 

fl 

Various brownish or black compounds which can, be looked upon 
as chromic chromates, xOr .X) ^.yCrO are 'precipitated when a 
chromic 'salt is treated with a soluble chromate ; .similar bodies 
may be obtained by the action of chromic acid upon chromic 
hydroxide. Under certain conditions, the composition correspondvS 
approximately to the formula Cr^Oa-CrO^ or CrOo, and the product 
is often regarded as an intermediate oxide of chromium. The‘ 
same body may be obtained as a dark grey powder in a dry way by 
heating chromic oxide in oxygen at 440° O.^ 

Another intermediate oxide, 2Cr203.Cr03 or CrsOp, is Iw-st 
obtained by passing the vapour of chromyl chloride through a hot 
tube, in which it collects ns a lustrous crust of little crystals belong- 
ing to the rhombic system. It is interesting to note tliat this oxide 
— like the intermediate oxjdc of iron and other metals^ — is dis- 
tinctly magnetic. „ ’ , 

t ’ 

'1^. Highfy Oxidize^ Compounds pf Chromium (Perchromic 
Xiiid and the P 4 "rch(;omates)% * ' ' , 

f ' . . . * 

If a solntfion^ of chronjium trioxide is •^treated with hydrpgon 
peroxide, a deep blup coloration is 'obtained, containing a more 
highfy pxidized subst^-nce. The blue sqj.ution , hov^evei;^ is extremely 
unstable, and rapic^y giVes off f^xygen, a chrc^mi9 salt *Deing left, so 
thh,t the ultimate effeef of ^ the action of hydrogen peroxide on a 
dichnomate is a reduction, * not an Oxidation. But, if the blue 
solutiorv obtained by n-ddipg hydrogen peroxide to a solution of 
chroqjii^ ^.ciij is a1^.oir/ce shqken uj) Mth ‘a little ether, the blue sub- 
' ' H, 14oissan, Ann,nChim. Pkye. 21 (1880)! 246. 
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stance is^extracted by’fhe ether^, -being inii^h more stfluble in ethers 
than in water. New,' in k) found th^t solutions in 

organic- sol v^ts react more slowly than a^ucoys solutions, and this 
is no exceptiq^ to the rule ; ih% ethereal il)lution decoi?apos(%mucjl 
less readily than the aqueous solution and car? be preserved for i^me* 
time. • • I * 

The blue solution appears to contain scv^^ral highly oxidized 
bodies ; although only one p(^chtomic acid has b'ein isola^^)! in 
the solid state, salts and derivatives in three different state's of 
oxidation are known. There has been a certain afiiount of •dis- , 
agreement regarding the nature of these Ixxlies ; but tljey may 
probably be regarded as derived respectively from , 

(а) »HCr06 (unknown), which yield* violet .^Its such as 

KCrOn.H^Oo, NH^CrOfi-H^O, and HCrOs.CfiHsN ; 

(б) Cr04 (unknown), which yields brown deilvativts such as 

(^r04.3NH, ; t ' * * 

(c) H3Cr08 (known in a blue hydrated form), which yields 
red salts ^uch as K^CrOg, (NH4);jCr()8. 

• 

(a) The salts of the ‘acid HCfOr^ are produced by* treating 
the blue ethereal solution with alkaline substances at very low 
temperatures (below — 5*^ C.), great care being taken to avoid any 
excess of alltali and to prevent any rise in the temperature. Thus 
on adding alcoholic potash to the blub solution, the potassium 
salt, KprOs.HoOs, separates as a violet precipitate ; it is very 
unstable and decompof^s if the temperature is allowed to riset even 
asr^high as 0° C. ; like nitrog(m iodide, it explodes when stirred. 
The ammonium salt, NH4Cr0/^H202^ is ratlyer less unstable, and 
can bo prepared by adding an ethereal scMiitionlof ammonia to the 
blue ethereal solution of perchromic acid at — excess of 

ammonia being carefully avoided , it ♦is a violet- blfepAk crystalline 
powder, s^newhat reseitibling pulverized potassium permanganate, 
and can be dried in a desiccator at 0*^ C. without decomposing. It 
decomposes, howeven, if exp(j«cd to the ordinary atmosphei;e. It 
is soluble in •w'ater, .yielding 'a violet-hrowh* solution. ^Tho role 
of the combined hydi-(^en peroxide in i;he mclec\ile*s«em^ to be 
similar .to that of water of ci^staMization in hydrated ^It; 

Rather rarjre stable salt*, also derived fr^im the acid HUrOg, 
are obtained* with, organic baseS, siich as ^ridi^ig (CgHgN), piperi- 
dine (CgHiiN) and aniline (CgHgNHjj ; these contain no exc^s 
of hydrogen peroxide, and ai^ violet or indigo substaAces, yi^ding 
brown solutions in organic solvents. 

1 0. F. Wiede, B£r. 30 (1897), 2178 ; 31 (1898), 61^ 3T39 ; 32 (P899f. 378 ; 
K. A. Hofmann and H. Hiendjmaier, iSgr. 38 (1906),^ 3060, 3066. * 
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‘ (6) Deri valves of "the oxidtt Cr04.^If the blue , ethereal 
solutioif of perchromic acid h treathdf at a' temperature with 
excess co^centfattd ammonia, ‘a different body is farmed. The 
excesfif of ammonia here a^ts as a reducer, and ^the affueous layer, 
whith becomes^' dark brown, deposits brown needles having the 
composition 3NH3.Cib4. These Jieedles- explode if completely 
dried. T^is pQculiar' substance distil ves in a cool aqueous solution 
of ^tassium cyanide, giving «a brown-red solution ; on adding 
S^cohol, an oil separates which finally deposits crystals, having 
the composition 3KCN.Cr04, and which explode when rubbed. 
The two substances ‘3KCN.Cr04 and 3NH3.Cr04 appdar to be 
addition products of an unknown oxide (Cr04) with potassium 
cyanide and ammoniq respectively. ' 

(c) The acid HjCrOa and its salts i are even more highly 
oxidized bodies ^han those hitherto described, although rather more 
stable. *" * , 

0 * t. 

The free acid is obtained by treating a suspension of chromic 
acid in methyl ether with conctMitrated (97 per vent.) hydrogen 
peroxide at very low temperatures, filtering from excess of chromic 
acid, ani treating the liquid with phosphorus pentoxide to remove 
water. The solution is evaporated in vacuo at — 30° C., methyl 
ether being sufficiently volatile even at this low temperature ; it 
leaves a dull blue residue having the composition H3Cr08.2H20. 
The acid decomposes at a perceptible rate even at — 30° C. ; its* 
“ strength ” is similar to that of acetic acid. 

Th'b corresponding salts are obtained hj/ the action of concen- 
trated hydrogen peroxide upon a faintly alkaline solution ‘tTf a 
chromate. At low tempevaturos ^below 0 °C.), a solution of am- 
monium chropiate contS-ining excess of ammonia, when treated 
with hydrogen peroxide, di^posits crystals of a red salt (NH4)3Cr08, 
which can ^’6 washed wittf 95 per cent, alcohol and dried. The 
crystalline habit of the salt varies witfi* the composition of the 
liquid frdm which it is obtained, and this has given rise to many 
appa>»ntly contrad^tory statemehfJs ; but tlje composition — 
assuming ^tl^e compound tb be obtained pura— is al\Cays the same, 
unless th^ quniutity of hydrogen peroxide present is insuffiQiont ; 
under such circumstiuiices, the l^c^m'pound €r04.3NH3, referred to 
abofe* is obtained.* A^ red potassiufh salt, K^CrOj,, is prepared 
iq a manner an^'iio'goq.s to the ammonium^ salt ; it decomposes 
dowly when heated. Wlj^n solutions of the red salts, (NH4)3€r08 
md'KsCrOa, are acidified at ft low temperature, oxygen is evolved, 
md a Jilue solution, jftesumably, containing the unknown blue acid, 
HCtOb, is dbtained.*^ • * 

i|E. H. RiesenfelJ, H. E. Wohl8rs and W* A. Kutsoh, Ber, 38 (1905), 1886 ; 

P. TT on/4 W AjTon • A>7 KAQ 
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F. Miscellaneous Q>mpoun<jc* 

Chromiujn Cari^ides.^ tl^o.caAiJes of chromium appear to 
exist. When chromium and e.^cess of carbon ate Reate^ cl#ctricall^^ 
in a crucible, *1110 friable prod^jct contairiB nuijierous crystals Raving 
the composition Cr^Oa ; this ^arbide is r^narkf^fdy stable f>oth* 
towards acids and alkalis. Aether carbide, Cr 4 C, is sometimes 
met with as neodhi-shaped cr^^ta^s on the surface*^ th« buttons 
of metallic chromium obtained by reducing the oxide with efyplbon. 

Analytical 

The changes of colour which accompany the oxidation and < 
reduction of chromium compounds can be usi^d to recognize their 
presencR. Chromic salt solutions are norinally viol(^, but become 
green when heated. When oxidized in alkalii^e solution with 
hydrogen peroxide, the yellow colour of a chromate a]^)ears. In 
acid solution, hyclrogc'n ])erox1de yields a b[ue coloration due to 
pcrchromic ackl. If a little ether is added, this test becomes 
quite sensitive ; for ndt onl^ is tlu^ blue perchromic add less unstable 
in ethereal sokition, but h^w drops of ether will collect aM the per- 
chromic acid fro^n a large volume of solution, and thus the blue 
colour oan b^ctected, wIktc otherwise it would not be recc^gnized 
with certafnf^ Chromate solutions give yellow precipitates with 
lead acetate and with barium acetate, it brick-red precii)itate with 
silver nitrate, and a reddish precipitate with mercurous nitrate. 
They are reduced to •the green chromic salts when boiled with 
alwihol in acid solution. 

In the ordinary method of ^nalysis, chromium (if ’present as a 
chromic salt) is thrown down as a hyilrcuxide 1^ ammonia in the 
presence of ammonium chloride. Various other inctals, like iron 
and aluminium, are precipitated in th|^ same way, l^tjt it is possi- 
ble to septate the chrdlnium frgm these metals, by treatjiient with 
chlorine or bromine in the pit^scnce of caustic alkali. This converts 
the chromium to a soluble iltromate ; after l»iling, and ti^^tmcnt 
with acid tcFdissolvp the pret-ipitate, the aJllminiurn and iron may 
figavp be piA'cipitated %s hydroxides by meaivs of ilnjmonia, the 
chromium r(‘maining in solufion%as a chronvite. 

Various rjethctls are aAiaihtl:)le for the lyial precipitatiop and 
w'cighing of the ^ch^omium. If ^ree frdm cqjphates, the nearly 
neutral solution can be precipitated * wilh barium acetate, Rnd 
the precipitate collected fend weired as bariiftn Chuomate 
(BaCr 04 ). Another convenient methpd ie to treat thf^ neutral 
or slightly acid solution '^ith ^mcrcurops nitiafg, when re^ pre- 

^ H. Moissan, ^omptes FSknd. 119 (1894), 185. 
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^cipitate of meuciirous chromate is Jprmed. .Although this j<ubstance 
has not a very .constant cipmpositioA, jt yields ‘gj’cen chromic oxide 
when heated, tha- vf,)latik) mercury passing away ; chromium can 
then weighed as CrgOa*. A third fhethod of esjiimating chromium 
in chromate to reduce it to the tri valent condition by boiling 
with alcohol and acidt and thcn^A) precipitatb with aimmonia as 
chromic hydroxide, v'hich yields the? anhydrous oxide upon ignition. 

also possible to determine* th^ strength of a chromate solution 
iitolutnetrically. The easiest method is to add potassium iodide 
to t'ne acidifie'd solution and then to titrate the iodine liberated with 
a staneford solution of sodium thiosulphate, starch behig added 
as an indicator when the end-point is approached. It is best to 
dilute the solution ^considerably before titration, since otherwise 
the green coldur of the chromic salt may be confused with the blue 
colour prcvlucedf by iodine in the presence of starch. 

T'ERRESTJirAL OC(,!URRENCB 

The greater portion of the chromium present in an igneous 
magma, %3eparates out among the earliest *crystallizing constituents, 
as iron chromite, owing no doubt to the high melting- point of that 
compound, and its comparatively small solubility in the molten 
silicate mixture. Consequently, chromium is foiuid* mainly in 
basic rocks, and especially in ultra-basic rocks such as peridotite. * 
The iron compound is a member of the spinel group of isomorphous 
minerals, and is known to mineralogists ap 

Chromite . . . EcO.CrgOa. 

Actually the com^oskion of the mkieral varies somewhat because 
the ferrous ir#n is replaced in part by magnesium, whilst the 
chromium is in part replaced by aluminium and also by (ferric) 
iron. Thus Some specimens'of so-called chromite tend to approach 
in compc>sition the other membefs qf the group, such ^s 

Magnetite . . FeO.EeaOa 

or Spinel.** .* . •. ^MgO.FeJOa • 

Chromite is Tblj^rk,* lustrous and he^avy, thb specific gravity being 
about 4*4c t * ^ 

Wke\i ultra-basic rocks like peridotite undergo 'the ioi;m of decay 
known as “ serpev-iiiliz^ytion,” the chromite i^nmins unchanged in 
the mass. Where the projects of corrosion of a rock have b'een 
carriM off by running water,* the h^avy grains of chromite are 
occasio^jtally i’o^ped ift. “ placer ” deposits not far from the place 
of or^in* • » * . 

PrActically the whole of thei world’s eupply of ctromium and its 
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compounds are deriverj. from ^roinite| and thp jjost • valuable, 
sources are those in which thartcSs haye undergone serpentii^ation, 
a change wfiich usually rendenf the rqfik easj^r* to work. An 
important qiyxntitjr comes frctoi serpentifiizccl rocks t)f JUmdesi.S 
and Portuguese East Africa ;*a further supply* come^ from Baluchis- , 
tan and Mysore, whilst a largl^quantity is|minc(l in Oregon and 
California. Other deposits of huportauce occpr in New Caledonia 
(in the same serpentine as theVk^el), Quebec, Gn^ttie, atid^Cjfba. 
It is of interest to n^te that there arc also some small mines ifi tlm 
Shetland Islands. 

Like vt.nadium, chromium is also found an small quaijtities in 
some of the ores of heavy metals. For instance, ^in the upper ; 
(oxidized) portions of leatl ores, the insoluble phromate 

Crocoitc . . . PbCr 04 

often occurs as a red or orange mineral. 

Traces o^ chroAium also (»;cur in numeroils other ^minerals ; 
where the minciral would otherwise be coloufless, the presence of 
chromium will generaily cause a colour, which will vary according 
to the state or oxidation other circumstances. The green colour 
of emerald, tlie tfed colour of ruby, and possibly evenj the blue 
colour of sapphire,^ are du(> (at least in some cases) to small quan- 
tities ot chi* aiPum ; but it seems likely that not all rubies and sap- 
• phires owe their colour to the same caq^e. 

• TQechnology and Uses ^ 

Although the greater proportion of the chromite mined is con- 
verted into ferrochrorne and ghromium chemicals, a'^considerable 
amount is used as a refractory materiai in furnaces. The com- 
paratively high melting-point of chromite and its*indifference to 
molten silicate mixtures has aheady Ijpen referred ta. The special 
value of yio material ties in tl|p fact thatr- unhke most,other re- 
fractory substances — ^it lias* neither marked acidic marked 
basic properties. I^ for in^ltnce, a roof of iiliceous material has 
to be constrficted. qpnn a fufnace lined with basic^ material, it is 
«omptimes convenient #0 separate the tjyo matpri^s a hxyer of 
chromite, since if the siliceoift} roof rests dirpctly on the^basic sub- 
stance, fluxipg a^ the poii^ of contact may, occim. Receptjy, at 
some coppef wor]^s, •furnaces ftav(% been tionstructed in which the 
whole roof as well as the walls are composed of chromite.^ The 

1 A. Duboin, Ber, 31 (1898), 1977. But^con^are A. VememLComptes 
Rend. 151 (1910), 1063, who stys tltotjimany sapphires c<#utain no chromium, 
but owe their col(mr to the oxides of iron aAd titaniuA. 

* W. H. Weed,^w. Ind, 28 (1919), ^0. 
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design of sucb furnaces is i^endered difficult ^>y the fact that chromite 
bricks tend to soften percej)tibly % high temperatures. 

Production of ,Ci?roirate8. The chromite ore is usually roasted 
undei; "oxidizing condition^ with sodium carbqnateo and lime at 
» aboT^t 900 - 1 C., care being taken that the mass is only sintered 
and not actually fusee'. Under tj^tse circumstances the chromium 
is oxidized to the haxavalent state Afterwards the roasted mass 
is e .Tracted with water, usually coiitaining more sodium carbonate, 
t^lje teaching being preferably conducted in -cin autoclave under 
considerable steam pressure. The chromate is thus completely 
dissolvefi, whilst the iron remains behind as an insoluble oxide. On 
treating the yellow solution with sulphuric acid, it turns orange-red, 
showing the formation of sodium dichromate (NagCrgOy) ; this 
salt can be prepared in the solid form by evaporating the liquid 
until sodi\i,m sulphate crystallizes out from the liot solution, and 
then cooling in order to obtain crystals of the dichroreate. If the 
evaporation is condiicted in iron vessi^ls, care should be taken to 
have no excess of acid in the liquid, since free chromic acid acts on 
irond 

If a dichromate is required in a state or})urity, it is better to add 
to the solution potassium chloride, when potassium dichromate 
(K2Cra07), wliich is much less soluble than the sodium salt, will 
separate out. Although th(; potassium salt (an be obtained more^ 
pure, on account of its ebrnparatively low solubility, it is clearly 
the most expensive of the two. The lujrmal salts (NaCrO^ and 
K2CrQ4) are made by adding alkalis to tiie solutions of the di- 
chromates. ^ 

The dichromates of potassium an*;! sodium (commercially known 
as bichromates) artf used ior a number of purposes ; in most cases, 
the eraployraeiit depends on the oxidizing power of the salts. One 
quite unimportant use of tht vsalts has been mentimied in Volume I 
— namely tlieir employment as . oxidiznig depolarizers in the 
“ bichromate cell.” Far more important is the employment of 
potassium dichroma'^e as an oxidizRig agents in^ the manufacture 
of dye-stuffs. ,For iiiscance, the oxidation of .anthracene (C14H10) 
to ant^^raqnihoqp (Ci4H8C2)> red dye, alizarin ol- 

artificial madder, . ^ ^ ' 

C 44 H 40 4- 30 = 4- H.O, '' ^ 

caR- be brought Rfeout'^very easily by the aefion of potassium 
dichromate aud sulphuric aWd. The^anthracene is heated with a 
concentrated solution oj potassium dichromate and sulphuric acid, 
in lead^lined wcA)den tubs, until *^conipletely oxidized. In the 

1 G^Ulm, Chem.^Zdt. 38 (1914), 670. * 
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process, the dichromafe is re(fuce<tf tA tlije ^tato pf a chromic salt.^ 
From the liquid obtained, thq ^i>lathe anthraquinone is removed 
by distillatidii ia Steam, ani the.solutiou left behihd can ^)e con- 
centrated until chrome alum (K2^04.Cr2(Sl)4)3.^4ft50)<i8 df^posited^ 
In some of tlie biggest dye-\forks, howAcf (iiotabU^ in Germany), ^ 
the solution left is not evaporal^l, but is reconvert^l to ^lichroAate 
by electrolysis. It is run dirpAtly into the anode compartment 
of a divided cell, a lead anod^ c(wered with lead -jitrroxide bjing 
employed. tly ^speaking, it is the lead peroxide whieli prTJ^luces 

the oxidation, >eing itself regenerated by the anodiew action of*t!fe 
current. »A current efliciency of 80 per centals obtained. ^Directly 
the oxidation is complete, the solution is run back into the Ic^ad- lined 
vats tvh(^rc it serves to oxidize a frcsli portion of anthracene. By 
this regenerative method the chromium fs iiot us^d up, but is 
alternatively oxidized l)y the electric current and n^duced ])y the 
anthracene. Thus tlm oxidation of the antliracerte is Ideally con- 
ducted elcctrolytically, and Both lead peroxide and potassium 
dichromate serye merely as ^ carriers ” of oxygen. 

It has been mentioiR‘d that salt solutions of trivalent metals (e.g. 
aluminium) liixvc a pcc^fcliar hardening action upon gelatine and 
similar bodies. fSalts of tiivalent chromium possess th^ property 
in a very marlud dc'gree, and many applications of chromium com- 
pounds dc{)ciicl on this fact. The ‘‘carbon” or “autotype” 

• printing procKxss used in photography, for instance, is based on the 
fact that gelatine containing potassium dichromate becomes 
insoluble when expose^ to light ; for the light, in the presence of 
orgi^iic matter, reduces the clnomate to a chromic compound 
(probably chromic hydroxide), and this hardens the gelatine, making 
it insoluf)Te in hot water. Thc*gckitiiu*him itsejl contains pigment, 
and is ex|>osed to light tlirough a negative ; then (after transference 
to another sup})ort) it is washed with hot water, y^hidi dissolve's 
away the^jortions to w4iich light has liad no access. Thk leaves a 
positive image upon thA support. 

Chrome Tanning. AiiiiCier application of the action of 
chromic salts upon latinoifk matter ds thfS process of “chrome 
taniiage,”^ which has bieri developed mainly in Anieri^a; tut is now 
used very extensively in thi^ country. It J^as already been men- 
tioned thaf pertain kinds ?cather arc m^de by soaldqg^ hides 
in baths containijig BiluminiuiA sa^ts ; tP.o preparation of leather 
by means of trivalent chromium salts rests*upon the same princij)le. 
The more obvious method Bpnsists* iif Soaking the pireparedijiides 
in a chromic salt solution ; this^is knowji as«<the '"am-hath ^ocess'^ 

1 D. McCandlisl^ J. Soc. Chem. Ind. 38 (1919), 26!fr ;#M. C. 4wamb, «/. Soc. 
Chem, Ind. 38 (m9), 260 t. 
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, Chrome alum^. being a hyrt-product of the ajizarin industry, was the 
salt m^.inly used before tjie ^warJinu this country. It is necessary 
to make the solji^itipn sightly basic f (by the additiOxi of* sodium 
v^arbonpie) lo as to deposit chromic hydroxide within the hide. 
On the other hand, it must not be tob basic, or^^the chromium will 
nev^r penetrate^ o the pontre of the Kide, which will remain imtanned, 
although the surface;^ will be over-tinned and “ cracky.” A little 
corwiderationcv<^ill show the reasbn hi this. The addition of a small 
amount of alkali will produce a certain amount ojt chromic hydroxide, 
but it will remain suspended as particles of colloidal size. As the 
liquor iff made more and more basic the particles will tend to form 
aggregates until finally they form a true precipitate. The aggre- 
gates will clearly qot penetrate the hide so easily as the' small 
primary particles. ‘ ^ 

An alternative process, which avoids any difficulty that attaches 
to the se/^uring of correct alkalinity is tfic. ''J wo -bath process ^ 
Here the hides are drummed in a solution of chromic acid containing 
sodium chloride ; the chromic acid quickly penetrates into the hide. 
It is then steeped in a bath containin^g a reducing agent such as 
glucose, ‘Sodium thiosulphate or sodium bisulphite which pre- 
cipitates 'chromic hydroxide within the' hide. ' The “ two-bath 
process ” is normally used for treating goat-skins in tjie manufacture 
of “ glace kid.” During the war it was used also for other purposes, 
owing to the shortage of clirome alum, and the exceptional demand 
for chrome leather, which was considered preferable for “ marching- 
boots,” At present practically the whole of the leather used for 
better quality boot “ uppers ” is tanned with chromium, is 
afterwards ilnpregnated with a mixture of sulphonated oils which 
act as a lubricant *and render the leather supple. 

Chrome tannUge is very much more rapid than the older vegetable 
tannage ; ac^v^rding to Mc(j^andlish, “ it can be completed in as 
many hoprs as the former procesq required days.” Tl^fj rapidity 
is, to the pr^rictical taimer, one of the* main points in favour of the 
new method. v r < « 

It is interesting to* *notet that chrbme tanmn^, ' unlike ordinary 
tanning. Is, a reversible j^rocess. If a clwome-tanndd leather ip 
soaked in a solution pf a tartrate like “ Rochelle salt ” (sodium 
potas^ipm*^ tartrate) ^hich has a ionqiderable solvept power for 
chromic hydroxide, ^ the hide rej-urnS to a condition sifnilar to that 
of ‘an untanned hide, ahd the chromium is recovered. This dis- 
covejj^ is notf without pract^l;aLimpor1^ance.^ 

Ghro^iium PJgmeCits.. Severi^l of the insoluble chromates 
are ufieful yellow*, p^ments. Most important is load chromate 
^ jH. R. Proctor aud J. A Wilfon, J. Soc. Chem, Ind, 35 (1916), 166. 
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(rourUi)^ known as ^rorm yellow,'" is \)b^ined by the* 

precipitation of a lead s^t with^pJbassiunj dichroinal^p. Thoi colour 
varies with Ihe temperature* of jfrecipitation, .bejiig darker when 
obtained from a hot solution. fThis difference is prob&bly fr^inlj ' 
due to the di^erence in the size of the partidles. As pointed ^ut 
in the intaoduction (Vol. I, pag«?98), a eoloui'cd sJbstance always 
appears deeper in tint when ]9resent in larg® grains than when 
present in small ones. In geneAl, 5rystal-particl(‘.s aifi lik^yJto*be 
bigger when produci^ from a hot solution than w'hen produced 
from a cold solution ; for the degree of supersatiiral^ion ” at the 
moment oi mixing will be less in the hot sohitioiLs, and theluiinber 
of nuclei produced is therefore lik(‘ly to bo smaller. ^ ^ 

Wh^n chrome yellow is treated with caustic soda, a reddish 
basic leatl chromate (said to be PbCr 04 .Pb(I) known chrome red 
is obtained ; in this case, the change of colour is^due Jo change 
of chemical c^mposi^iaji^and not due to the physical state.# A basic 
zinc chromate obtained by precipitatiiig hot ncaitral zinc sulphate 
with potassium «hromat(-. is also used as a pigment under the name 
zinc> yellow. * * 

Chromic oxide (CraOa) •forms a valuable green pigmer^f. Here 
again, the colour varies with the mode of preparation. When ob- 
tained by heatii:jg ammonium dichromate a fine colour is obtained. 
A cheaper method is to heat potassium (or sodium) dichromate with 
sulphm', and to wash the product free from caustic alkali ; the 
product is less satisfactory as a pigment, but serves for use in glass. 
If potassium dicliromak) is fused with boric acid, a potassium 
chrojftic borate is obtained, which, on treatment with w^ater, hydro- 
lyses, yielding a variety of ch{omi(5 hyclroxijjc^ possessing a fine 
green colour. The product, which is kn®wux af Quigmt's green, 
almost invariably contains some boric acid, and may be regarded, 
if preferred, as a basic chromium boraU^.^ 

Chrome ^een, along ^y^h zinc* borate and linseed oil, ii a con- 
stituent of a preparation recerftly reiaimmended in Amegica for the 
fire -proofing of wooeV 

Chromiun^^n Ste#l. Probably the iffost important ^dijaiand for 
clfromium is for use in tlfc manufacture of specia? steels. ' It is not 
added in the pure state to the rn$)lten steel, btt as an alloy of iron 
and chromiunykno^'n as ferr^chrorne, whicl^, like most ferro-^llhys, 
is made in the electric* furnace by rikiiicing*thfi f>»ides of ironarul 

9 ■ ^ * * * 9 

1 Compare E. E. Free, J. Phys. Chem. l3 (1909), 121, who also discusses 
the variation of colour with the concentration qf the%)recipitating solutions — 
a subject regarding which the f9cts tfl’e*less easy of iiite^rotatiyn. 

* See also F. Ros(^ “ Mineral farben ” (SpamSr). • 

» J. Soc. Chem. Ind. 39 (1920)^ 379b. • 

M.O.— VOL. II. • 
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« chromium Acarboh. t The presence <?f a small quantity of 

chromium has^ an impwant epccihc effect- on steel. Chrome 
vanadiqm steel, Ixung bo^th hard ^ind ^crong, is now us^ld in .the con- 
struction of locomotive Wheels, axlo-shafts, gears and springs ; its 
• properties can ^jie vaiied to an astonishing extent by proper heat- 
treatment. Chfome-rjickel steel is^Lsed in automobile construction, 
as well as for armour-plate and the tips of shells ; it is excellent 
for case-hardening. Chrome-tungsten steel or chrome-molybdenum 
s^/eei is used for high-speed tools. Lastly, many stainless cutlery 
steels contains chromium. 

All these materials will be discussed further in the section on 
steel (Vol. Iht). Nichromey an important alloy of chromium and 
nickel, is referred to in the section on nickel, whilst Stellite, 
another allo}' containing chromium, is mentioned in the section on 
cobalt. , ^ 

Other <Uses of Chromium. As already stated, chromium salts 
are used as colouiing agents in the manufacture of glass and in the 
ceramic industry. The colour produced varies with the state of 
oxidation, the state of aggregation and composition of the material 
to which, tko chromium is added ; in ceramics, chromium normally 
produces a green colour, but in alkaline 'glazes 'it causes a yellow 
colour (no doubt due to chromates, which become stable in the 
presence of alkali). 

Chromium salts are, like aluminium salts, used as mordants in 
dyeing. 
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Atopiic weight,; . 

Th^'M%tal 

Molybdenum resembles chromium in general properties. It 48 *a 
silver- whi^te metal, taking a good lustre ; tlje pure metal rfs fairly 
malleable when hot and only moderately hard, but it is rendered 
much.harder by the presence of carbon. Like chronfium it has an 
exceedingly high melting-point (2,450° C.).* * , 

Although superficially oxidized at high temperatures the metal 
is not perceptibly altered by exposure to the atmosphere [tt ordinary 
temperatures? exce^)t'in the vt%’y finely divid(‘d condition. Prob- 
ably there exists upon it a protective oxide-film. The metal, no 
doubt for a similar reason, is not readily dissolved by acids, although 
nitric acid, concentrated Sulphuric acid and Jiydrofliuiric acid 
attack it perceptibly. Jt is easily brought into the “•passive ” 
state, either by anodic treatment, or by immersion in oxidizing 
agents, such a^ chromic acid. It is notewdi’thy that treatment 
in 20 per cent, hydrochloric acid renders a«jtive molybdenum passive, 
whilst treatment with potassium hydroxide is most effective in 
restoring the activity.^ These facts — which represent the ^xact 
converse of the state of affairs met with in the case of iron and 
nick3— -are at once understood if it is agreed that the»passivity is 
due to an ©xide film. The oxid^ of molyb^'mituvs soluble in alkali 
(forming a molybdate), but not freely soluble in acid* the oxides of 

iron and nickel are soluble in acid but not in alkali. . 

• . 

The anodic behaviour; of molybdenum is of some little interest. 
A molybd^uim anode sifrroi*nded by a bath containing sodium 
hydroxide or hydrochloric ackUpasses readily iijto solution. But if 
iodides are p^esc^it in the ‘^oUtion, the^ prod«ction of free iodine 
takes place a» veil as°th§ dissolution of molybdeinim^ • fef the case 
o^ a Chromium anode, it will b<5’ remembered, potassium iodiSe has 
a similar effect in^ lowering th^ current efficiency of affodjc dis- 
solution, the' (flfect beipg actually more complete Jbhan in the case of 
molybdenum. * 

In the absence of iodides, ^ic anqf^licf e4issolution proceecte l^jrly 

• 

1 W. Mutfunaiin and F. Fraunberger, Sitzur^fsbei^ Bayer. Akad. 3#,(1904), 
217. • ^ . 

* L. Marino, Oar^tta 35 (1905), ii. 193. also HT Kuessner, Zejtach. 
Elektrochem. 16 (19x0), 754. 
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l^adily ; in al?ialliie solutions, th^. amount dissolved agrees, at low 
current* densities, with thk; oilcutatedi'from Faraday’s Law on the 
assumption that jnotybdenum parses into the solution Hu a hexava- 
lent cfhditioii (producing* molybda^ie). But if the current density 
becomes too hi^h, oxygen is evolved, the molybdenum becomes 
passive, and thV cuni^mt efficienqy' drops off ' this occurs more 
readily at low temperatures than ifi. a warm solution. 

Lg^lfor atory Preparation . It is possible to prepare molybdenum 
ffbm the tri^xido on a small scale by meaifs of the “ thermite 
reaction” aluminium being used as reducing agent ; the addition 
of liquid air to the mixture of molybdenum oxide and ‘excess of 
aluminium hife been advocated in order that the temporaturq may 
be raised, during the reaction, well above the melting-poiqt of the 
molybdenum. However the yield is always low owing to the 
volatility bf the trioxide. ^ 

When molybdenum oxide is heated witix carbon in the electric 
furnace a better yield of metal is obtained, but the product is apt 
to contain carbon. It is possible to obtain the metal in a purer 
state by, heating the oxide in a current 6 f hydrogen. If the trioxide 
(M 0 O 3 ) iii the material employed it is first reduced to a lower oxide 
by heating in hydrogen in a glass tube, care being taken not to 
allow the temperature to rise unduly high and thus cause loss of 
the volatile trioxide by su\>limation. The lower oxide is then heated, 
far more strongly in hydrogen in a porcelain tube, and is thus 
reduced to the metalhc state ; the hydi’ogen must be dry and free 
from' oxygen. The operation is continued until no more water 
vapour is oarried off by the gas-stream. ^ The product, however, 
still contains tracqs of oxygen, which can only be removed by heat- 
ing for several hours in a current of hydrogen at a temperature of 
2,250° C. ; when quite free from oxide, the finely divided metal 
can be j3ressed quite easil;^ into sticks.^ ^ 

• > 

' Compou^nds 

Most of the best developed compou nds of molybden,um correspond 
to the ti^icxide marked acidic—and feeble basic 

— properties, being in many respects similar to the analogous 
chronjium trioxidc (CrOs). A dtoxide (MoO.>) and sesquioxide 
(M 02 O 3 ) are known ; they have apparently, weak basic properties. 
Ibiere are also a few c'ompounds corresponding to the oxide MoO. 
Int€U’mediate oxides (MoJ'Js. and MogOg), as well as various 

1 A.,btavenha^n, BeL 32.(1899), 3065. 

2 Seo H. JVIoisaan, ‘>Trait6 de Chfmie Miiijrale ” (Masson), Vol. IV, 

® Wolf, Dissertation, Aachen (1918); Abstract, J. C[hem. Soc. 114 (1918), 
ii. 350. 



^kiaWBDENUM 326 

• I- • 

peroxide j, have been vrepared. Ifc wilr ^ coiiv^ni^t to describe 
the derivatives of the stable trifeid<# (noOa) first. 

• • • " .. . • 

A. Compounds of Hexavalc.at Molyb-denum. 

The trioxide, M0O3, is formed, when th6 fincj^ cli video i^ietai» 
or one of* th<j lower oxkles i A* .heated strongly ii| air. It is more 
conveniently prepared by roascing the disulphide (MoSg), or by 
igniting ammonium molybdatt.: Unlike the chronftum aniil(%ue, 
it is colourless at lewer temperatures, although it becomes fellpw 
when heated. It is fusible at a red heat, yielding a reef-yellow liquid,, 
and is distinctly volatile even below the ^lelting-point* It can 
therefore be purified by sublimation, preferably ^conducted in*^' 
platinum vessels, since the use of porcelain generally causes the 
sublimate to bo contaminated with silica and alumftia. The sub- 
limed oxide is very voluminous. ^ , 

The hyc^ated generally known as* molybdic acid, 

H.2M0O4.H2O, is ])roduccd as a white or yellow crystalline mass, 
when a solutw of a molybdenum salt is allowed to hydrolyse 
spontaneously, or when fk solution of ammonium molybdate is , 
decomposed with nitric ^cid. If, however, the molybda^S solution 
is very dilute, and is decomposed, preferably, with hydrochloric 
acid, no precipitate will be seen, and, after removal of the am- 
monium chloride and excess of hydrochloric acid by dialysis, a 
colloidal solution of molybdic acid is leff, which can be evaporated 
without flocculation. This concentrated colloidal solution is, as 
usual, flocculated by the addition of an electrolyte. If the soiution 
is craporated sufficiently, a gummy I'csidue is obtained ; when 
completely dried by standing ^over sulj:>huri^ acid, it is stated to 
have the composition H.,Mo207. • • ^ 

The molybdates are formed when the trioxide is fused with 
alkalis, or with alkaline carbonate's, or#dissolved in absolution of an 
alkali. The soluble safl^s are i^)r the most part colourfess. The 
tendency to form anhydio-sUlts is even more markecUthan in the 
case of the chromaUs. Fo» Vstance sodium*normal molybdate 
(Na2Mo04), dirnoT[yl?date (Na^Mo-^Or), ^rinfolybd^e (Na^MoaOio) 
«.re ^11 obtained by fuslhg the trioxido with tho rqqufeile quantity 
of sodium carbonate, and piirit^ing the product by recrysfallization. 
By the ad^tion of the proper amount of acud to solutions ^f the 
normal molyl)date^ Mlowed bybrys^'aHizaf jon^> tetramolybdate 
(Na2Mo40i3), octamolybdate (NagMogOgj) and decamolybAte 
(NagMoioOsi) can be obtaindjj.^ The potassium salts •lare {)rc^jared 
in an analogous way. When ayojutioiv of *iolyb(Jenum tripxide in 

^ G. Werape, Zej^sch. Anorg. Chem. 78 (19lS), 298. (insult th^ views 
of A. Rosenheim and J. Felix,- Anorg. Chem. 79 (1913), 292.* 
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dmmonia is cwsUllizedt me sail nprmally ejbtained is the^ so-called 

“ common ^mmoniurn <imotybdate,’' (*NH 4 ) 6 Mo 7 ’ 024 . 4 H 20 . 
Various pther amFJLO\iium»molybd&.tes,n)btainable by cfystaHization 
Itom #Kstinctly acid or Hiptinctly Simmoniacal solutions, are also 
known. ► " ' 

The insoluble\iolyb^latcs are ob^dnod, as usilal, by.preeipitation. 
Those of calcium and barium iiVe white. Lead molybdate, 
Pb]fdot)4, is pi^actically white wlfen Obtained by precipitation ; but, 
it.prC^duced by fusing solid lead chloride witk sodium molybdate 
and sodium ehoridc, it is distinctly yellow, although possessing, 
apparently, the same Composition. No doubt, the correci? explana- 
tion is similaij, to that given to account for the variation in colour 
of lead chromate, the hot process yielding crystals of moderate size, 
whilst the ultfiuate particles of the cold process are extremefy small. 

The mo^st repiarkable feature of molybdenum trioxide is the 
series of c-ddition cproducts which j^t forms y;it[i orthpphosphates. 
These are known {is phospho- molybdates and are yellow insoluble 
bodies, usually containing 12 molecules of M0O3 to every (PO4)'" 
group. For instance, on adding excey.s of 'ammonium molybdate 
to a dilutp solution of phosphoric acid containing nitric acid, a yellow 
crystalline precipitate of ammonium phospho -molybdate, 
(NH4)3P04.12Mo() 3, js produced. This is dissolved by ammonia, 
and by crystallizing the solution, more soluble (colourless) salts 
containing a smaller proportion of molybdenum trioxide arc 
obtained, c.g. 2(NH4)3p04.5Mo03.7H.20. Ammonium phospho- 
molybdate is undissolved by ordinary acids^ but aqua regia attacks 
it slowly, yudding a solution from which various phospho-moljrbdic 
acids, containing P^^On, M0O3 ani^ HgO in different proportions 
can be obtained 'oy crystallization. 

As has already been stated, molybdenum trioxide has feeble 
basic, as weU'as acidic properties. When a solution of a molybdate 
is treated with sulphuric acid oi mo<^^e'rate concentration, the 
molybdic acid, precipitated in the firsi instance, redissolvcs in excess 
of suljdiuric acid, yielding a colour/ec^ solution. Even the anhy- 
drous oj^idc, JtoOa, (dissolves in hot concentrated s'alphuric acid. 
It is pot pbskibje to obtain solid normal sales from the solution, but 
a basic sulphate, ^Mo02S04, apd a volatile basic chloride, 
M0O2GI2, have been -isolated. The chloride. Mode, has never been 
obtained even ipjthc dfy way/, but a fluoride,! MoTi, is prepared 
by the action of fluorine on metallic molybdenum at 60 - 70 '^ C. ; 
the iinfely divided metal is' placed irf’ a long platinum tube and a 
curreni^’of fluoripe is pussed through the tube, which carries forward 
the hexafluoride <.inth a dry glass vessel cooled to — 70 ° C. in a 
1 0. Rof! and F. E-^sner, Ber. 40 (1907), 2926. 
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carbon (^oxide-alcoliol 6^ioride i»,a^hitc solid at 

low tempdlratures, btit melts 1*1'' C.^ bf.^ls at 35° C., and ig hydro- 
lysed by w^ter, suffering aifthe isame tijno ryduption ^to J^he blue 
lower oxide. ^ 

An important insohfblo slit of hexavalerA molybdenum is the. 
sulphide^ wlfich is obtablbd as a browri prec^itate on paSsing 
hydrogen sulphide gas througli*t« solution of apunonium molybdate 
to which hydrochloric acid hafc liben added. .Like* the su^[)hides 
of tin, antimony ard arsenic, it is dissolved by alkaline sulpiiides, 
and from the red solutions thus produced, red crystiis of the ^iio- ^ 
molybdates are obtained. Potassium thi0molybdate,*K2MoS4, 
for instance, can be crystallized from a solution oj molybdenum# 
trisufphide (MoSg) in aqueous potassium sulphide, or from a solu- 
tion of * potassium molybdate saturated with hydrcigen sulphide ; 
it forms deep red tablets. 


B. Intermediate Oxides 
and Derfvatives. 


of Molybdenum (MoOg.rtMoO.,) 


When a solution of a ^ndlybdate is reduced with sulphyr dioxide 
or stannous cliloride, a blue solution is obtained. If tht^ reduction 
is brought about by zinc, the same blue colour is produced, but 
in this case, the reduction proceeds further ; •if time is allowed, the 
blue colour will change to brown and finally to black, compounds 
of tetra valent or trivalent molybdenum bi'ing produced. The 
blue solution must be regarded essentially as a colloidal solution of 
a Wue oxide. ^ The blue oxide is often deposited spontaneously 
when the solution is allowc^d to stand, but the formatic»i of the solid 
is hasteifed by evaporation, t)r by the^adc^itj^n of concentrated 
hydrochloric acid. Tlie composition is generally (jonsidered to be 
MogOs, although it varies somewhat with the conditions of prepa- 
ration. It is probably correct, however, to regard if as a molyb- 
denum fbolybdate, fofme^ liy the combination of iftoOg and 
MoOg in various proportions^ for it can also be prodticed by pre- 
cipitating the sciution of' a* {alt of tetraviycnt molybdeifVifti with 
^ ammonium* molybdate^ 

A method of obtaining t.lw3 filue oxide tree from cledtrolytos 
consists in treating a suspeifsion of the*trioxider (M0O3) wi^h 
metallic ulolybdenuy. A*blup liquid is.obfained, which *ytelds a 
sojid oxide approximating to the cdlnposition*IVfc^08 or M02.2M®08. 

When treated mth hydrogen cbl|ride gas, the Jblue, solution 
deposits the blue oxide, aS stated above ; excess of hydrogen 

chloride, however, causes^t t<f split u^ into moiybdic acid, and a 

• • 

^ *A. Dumanski, KoU. Zt^tsch. 7 (19.^ Cl), 20. 

m 
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lower chlorid^, (gcobabty j|Vlo(jl5\ which imparts a yellow«brown or 
green cplour to the liqiiidV ,, f* •. ^ •> 

When a hot solution moly^deniim trioxiAe in Concentrated 
snlphpiiic is reduced fwith hydrogen sulphide, the liquid becomes 
first blue and t^en green, (lepositing ks it cools dark green crystals 
of ^ne composm^n MP2O6.2SO3, '^hich are only slowly soluble in 
water. 2 ^ * 

f 

D. C^^mpounds of Tetra valent Molybdenum. 

The dioxid’e, M0O2, is formed when the trioxide is heated for 
5(ome hOTirs in hydrogen at 470 ° C. The heating must r»3t be too 
strong, or the^ trioxide will sublime away unchanged. Any trioxide 
which remains in tjie product may bo removed by heating in a 
current of hydrogen c*hloride which converts it into th 4 highly 
volatile ox^ychloridc, MoO.^Cla- The dioxide is a brown crystalline 
mbstance*. when pure, but is frequently coloured blue or violet 
through contamination with other oxides. A dark red hydroxide, 
Mo (OH) 4, resembling ferric hydroxide, is produced .when the salts 
ire precipitated with ammonia ; there a marked tendency towards 
the formation of colloidal solutions. « 

Possibly because the anhydrous oxide is usually prepared at a 
[ligh temperature, it dissolves only with difficulty in acids. Salts 
^f tetravalent molybdenum are, however, thought by chemists 
to bo formed in solution ujlGii the reduction of the salts of hcxavalent ’ 
aiolybdenum with zinc. As has been stated, reduction with zinc 
muses the colour to become first blue, then green or brown, then 
brown-black. It is generally considered that the green or lyown 
dage corresfionds to the salts of tetravalent molybdenum, although 
—as has already b^'en poonied out>— greenish compounds have been 
isolated in which the molybdenum appears to be pentavalent. 

The most .important insoluble compound of tetravalent molyb- 
lenum ii the sulphide, MoS.^, \Ybich i§^ '•preferably prepared in 
ffie dry way, by fusing the trioxide Atith sulphur. It is a black or 
ead-gfe^ substance having a metallic lustre, o^nd is one of the most 
dable of molybdenum's, compounds,* as is illustfatefb by the fact 
that it is tlfo form in which molybdenuni:- is commonly found iv 
lature. 

D. Compounds of Trlvalent MolylJiienui^p. 

Vhe final effect of the action of zinc upon salts of the trioxide 
(MoGl3)'is tke production* A; a> brown black solution, which seems 

^ M. Gruichard, *Ann. Chim! Physi 23 (IQOl), 537; Comptes Rend. 143 
[1906^ 744. 

* Lailhache, Comptfis Rend. 134,(1901), 476. * 
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to contain salts of* ^trivalent ifei^lycf3iiuin. hydroxide| 

Mo (OH) 3^ is obtained by pregsipiljiHjii with ammonia as a 
brown precipitate,* and leaves the blacky anh^djous oxirfe when 
carefully ignited. Both o^iides and • salt solutions * Jbecon^f 
oxidized when exposed to Iflie air. The soluble ^salts cannot be. 
isolated. • ^ i * 

The trihydroxidc is also foriiiv,d in small ^i^antftics as a deposit 
on the cathode when a solutioniof A higher molybdetinm compotind 
is electrolysed. $ 

The corresponding sulphide, Mo 38 3, has been produced by heat- 
ing the disulphide in the electric furnace. • • 

E. Compounds of Divalent Molybdenum. ^ * 

The br^^paration of the yellow chlorid'e, MoCl.ji is described 
below along with the other chlorides. It yields a yellow solution 
in sodium hydroxide ,:wtich on boiling deposits ^ black precipitate 

of the hydroxide* Mo(OH) 2. * 

. ^ • 

F. Highly Oxidized Compounds of Molybdenum. 

When a raplybdate, er molybdenum trioxide, is treated with 
hydrogen peroxide, a yellow solution is produced, which (fontains a 
permolybdate or permolybdic acid. Some of these, including the 
free acid HoMoOs, and the potassium molybdate -permolybdate, 
K2M0O6.2M0O3.3H2O, have been isolated in the solid state, pre- 
ferably by evaporation in vacuo. 

Persulphides of molybdenum and their derivative's are also kpown. 
Whej;! potassium dimolybdate(K.2Mo207) is saturated with hydrogen 
sulphide, one would expect to get M0S3 or KgMoS}. Actually, 
however, *onc obtains a mixture of lowSr#ul]fhides together with a 
compound richer in sulphur, namely the red per-ttliomolybdate, 
KHM0S5, which happens to be rath^ insoluble. the action 
of hydrochloric acid, the corre^onding per-thiomolyb^ic acid, 
HgMoSs, 18 obtained, which yields the brown tetrasulphide, 
M0S4, on heating. , • 

CompouncF. dMved from afi even higher# f?ulphide (Mo^u) are 
formed by fhe action #)f yellow ammopium sylphid* ^^ontaining 
poly sulj)h ides) upon solutioir^ qf ordinary thionfolybdateS. The 
potassium salt, KMoSe, scyiarStes in brown^ crystals ^\1iich yield 
the acid, HlvioSe, pn ireatment«with hydrochloric acid. 

G. Miscellaneous Compoqrids. 

Chlorides of Molybdenum.^ rtinpe t^e cnioriaes o^ moiyo- 

• * • * * 

^ K. Wolf, Dissertation, Aachen, Abstract, Jf\jhmr\,. So9. H4 41918)* 
ii. 360 • 




denum canno^ isolatej'l from solutions Ihe various^oxides in 
hydrochloric acid, theyV.nmst pnsidered separafcely. The 
hexachloric^e (^Ch) i^^ unknown, mthough 'the cfcrresponding 
'Buoride ha A)cen isolatec^. The pefttachloride, MoCJs, is obtained 
by the action c/ pure*chlorine on the heated* metal ; the metal used 
must be absolu^^ly fr^e from oxyjfcl^ or •oxychlorides will be pro- 
duced. It is a black crystalline suOttance which yields a red vapour 
of ^'xio^mal density when heat(fd. ^ When heated in a current of 
lvydi»^gen at 250*^0., it decomposes, the redr trichloride, M 0 CI 3 , 
beiflg formed!' If the trichloride is lieated in a current of carbon 
dioxide /it also breakspup into the dichloride and tetrachbride ; of 
these the vo4atilc tetrachloride, M 0 CI 4 , passes away, and can be 
collected as a brown ^lowder in a cooled receiver, while the pale 
yellow dichlcfide, MoCl.,, remains behind. 

Carbides.^ rit is well known that molybdenum prepared by 
means of 'oarhon is apt to contain carlmn, \TtT^’cli»(^auses# considerable 
modification of properties, rendering it darker, harder and more 
brittle. The metallography of the molybdenum-caJrbon alloys has 
not been fully worked oTit, but it is stated that two definite carbides, 
MoC ani MogC, exist. They are lustrous, crystalline bodies, white 
or grey in colour. A hard double carbide, FeaMo^C, occurs as an 
important constituent of molybdenum steels. 

Carbonyl .2 The volatile carbonyl of molybdenum is of especial* 
interest in view of the formation of similar carbonyls by metals 
like iron, cobalt, nickel and ruthenium, which will be considered 
shortly. It is, however, not produced easily, a special retort capable 
of standing high pressures being required. When finely divided 
molybdenum is h^affed ^ 200° C, i\i a stream of carbon monoxide 
under a pressure of over 150 atmospheres, the gas carries off a small 
quantity of molybdenum carbonyl, which can be condensed as 
white crystals, if the gas is allowed to pass qut through a well -cooled 
glass tube. The crystals can be svjbliihed in an atniosphere of 
hydrogen or carbon monoxide at 30-^0° C. ; they have a composi- 
tion which is most Ryarly^represemed*by the foimqla Mo 8 (CO) 26 ) 
although the ^discoverers assigned the fyirniula Mo (CO )6 to the 
carboliyl. " ' - ' * 

f * f 

t ^ Analyticafl 

4 Solutions of inolybdates, ‘previously acidified, give a yellow 
precipitate with sodium plipsphate, a^pd are coloured first blue, then 

' H. fMoissan and K. < Hoffmann, Comptes Rend. 138 (1904), 1668; H. 
Moissaii?, Comptes*Rend^ 120 (1896),*!, *1*20. r 

“ L. Mund, H. H.rtz knd M. D. Cowap, Trana. Chem.Soc. 97 (1910), 798 ; 
R. U. Mond and A. .E. Wallis. Trana. Chem. Soc. 121 (^1922), 29. 
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green or l^own, and las^^ly browniali-filac-c when jy^e^ed With zinc;. 
Other tesTO for molybdenum tariJ b^e«jf oil the ;^recipit^tion of 
various • insotuble- molybdatef, by intera(jtion,wy}h sato of lead, 
barium or mercury. • ' ♦ ^ 

A very sensitive testior irf.lybdenum 'depehds uj]pn the addition, 
of potassium JhiocyAnatc*, /olii^fed by a small pier^ of zinc, tcf the 
solution under examination. UVerric iron is, present a blood-red 
colour may appear before zinc i* a< 5 ded ; but the redkictidn f aiised 
by the zinc soon ren^oves the colour due to iron ; if molybdeniimjs 
present, a crimson coloration, probably due to Mo(S?^N)3, appears 
after a f^ seconds. The test is most sensitive if the sdjution is 
nearly neutral.^ ^ 

The trioxide of molybdenum has but feeble l^asie properties, and 
molybdie acid is easily precipitated by the addition (ff an acid to a 
solution of a molybdate. Thus there is but little difficulty in 
separating rQolybdjmnx'wfrom t^ie more basic metals. Or^the other 
hand, the separation of molybdenum from other elements with 
acid-forming oxides is more difficult. The separation from tungsten 
is specially important. O^e method depends on the fact that 
molybdie acid (in the ffeshly precipitated state) is disstilved by 
sulphuric acid of specific gravity 1 -378 when warmed, whilst the 
tungstic acid yernains undissolved, the basic properties of the 
trio^ide being oven more feeble in the case of tungsten than in the 
case of molybdenum. 2 • 

The Reparation from vanadium depends on the precipitation of 
molybdenum as the trisulphide (M0S3) when hydrogen sulphide is 
passed through a solution containing both vanadates and molyb- 
dates, acidified with sulphuric^ acid. The sulphide can be filtered 
off, ignited cautiously and weighed as *he trif>xide M0O3. Care 
must be taken not to raise the temperature too liigh, since the 
trioxide is volatile at a bright red hegd. •, 

In genejijil, after the Hi^aratic^i of other metals, the molybdenum 
is brought to the state of fi molybdate, and is then, precipitated 
with mercurous nitaate. mercurous molybdate produced is 

ignited gently so as Jo drive olt mercuiy*, and the re^due is weighed 
•as M0O3. * • ^ * • , * . 

A volumetric method of Estimating molybdenum depends on 
reduction to, the pentavaleut state by means pf potassium ipejido in 
the presence of hydrochloric Jicid^and ^bsrijuent titration with 

^ J Moir, J. Chem. Met, Mvfv^ njri,vu,y iw xax. 

® M. J. Ruegenberg and E. F. Smith, J, j\mersChem, Soc. 22 (i^OO), 772. 
According to F. P. Treadwellt (“ ifticrtytical Cheini|try *•) c6ncent/atod sub 
phuric acid should be used for the digestion*of tMb oxides and then diluted 
with three parts 01 water. 
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cpotassiuin p^^-n^nganatc^, I’oi details tbp original paper should 
be consulted. ^ ^ i ^ 

^ 'Ter/iestrial Occurrence 

Molybdeniint and '^tho two succeeding elements, tungsten and 
urabium, are ^sociated common)^' witb the acid ^ocks such as 
granite, and thus present a contmst to chromium, which occurs in 
bafcic ^.rOcks. This “ magmatKi (Opposition” between chromium 
apd ftts homologucs is somewhat remarkable, hwt there is an analo- 
gous case in Vhe previous group ; for vanadium is found mainly in 
basic rOcks, whilst nkbium and tantalum occur in siliceous rocks. 

Besides th^ir occurrence within the granitic rock itself, molyb- 
denum minerals arejreqiiently found in quartz lodes and pegmatite 
dykes that spring from acid intrusive masses. ^ In other cases, the 
origin of ^the molybdenum minerals must be attributed to the 
impregnation of the country rock l^y moljibtlenum-beijiring waters, 
no doubt also originating from an intrusive mass. 

The most important mineral is the sulphide. 

Molybdenite . . , . M 0 S 2 , 

which occurs in crystals or fine flakes and jp'anulek, having a greyish 
metallic lustre similar to that of graphite. In the qxidized portiono 
of the veins or rocks,' the weathering of molybdenite and pyrites has 
given rise to the hydrat(id molybdate, 

Molybdic ochre, perhaps, 2Fe2(Mo04)3.15H20. 

The formula given above must be accepted with caution,^ si nee 
the composition is variable. The ochre is sometimes described as 
molybdenum oxide, ’’butetrie iron appears to be an essential con- 
stituent.^ ^ 

The most jviportant molybdenite ores occur in Australia (Queens- 
land and New South Wales), Canada (Quebec), the United States 
and Norway. « 

Lead molybdate ^s also found im pature, ^being known as 

, ^ Wv^lfenite " . * . ! . c PbMoQ^. 

It is d yellow Aiineral, often mofe Vc’ less transparent, and haviilg 
an adamlintine lustrA ' ^ ^ 

F. A. Gooch aifd 0. S.** Pulmah, Amer. J. Sci. 12 \ 1901), 449. Another 
volumetric method of estimating molybdenum, depending on reduction by 
zine, Vs described by J. P. Bonaifii And E. IJ? Barrett, U.S. Bur. Mines, Techni- 
cal Pap^, 230 (1920). 

^ See‘E. Thorns^, Econ. Oeol. 13 {«19!f8), 3^2, who described three different 
typeaof dop(isits. iVlsoi*'. W.* Horton, U.S. Bur. Mines, Bull. Ill (1916). 

* W. T. Schaller, A'^er. J. Sci.,,23 (1907)„ 297. 
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TEtHNOLOGUyAND TJbES 

• * 1 ^ 1 ^ 

Of the min%rals-j4st mehtid||ied, the sulphide has most ipportanoe 
as a source of molybdenum, although wulienite atso bfe®n emj 
ployed in the Unit'ed States.* * » j * 

In some»ca8js, other metals ^^ur along with mciiybdenum ; ‘^the 
Australian deposits, for instance, \vhich suppAe^ 7(/ per cent, of the 
world’s needs up to the time :|f liio war, contain^ tungsten and 
bismuth.^ , ^ 

In most cases, the molybdenite occurs in comparatively small 
flakes or granules embedded in 
a quartz -reef or distributed 
through granite or pegmatite. 

Thus ifi nearly every case 
some sort of concentrating 
plant must ^be installed, pre-^ 
ferably near the mine, which 
will eliminate part at least (5f 
the valueless matter, a*nd pro- 
duce a material rich enough to 
be sent to the sflaelter. * The 
■process- cf cor^entration em- 
ployed wifi clearly depend 
upon the character of the 
gangue , minerals, but by far 
the most usual system ^f con- 
centnation is that of flotation. 2 
For man^ ores, the Elmore 
vacuum process ^ appears 
especially suitable. The ore 
is finely ground in a ball-mill 
with a sm^l quantity ftf^iue- 
oil and kerosene, and the pu^> 
produced passes oii to Jtlif' 
mixer A (Fig. whence it^lows cojitinuatly into tlie funnel B 
and js sucked through 4the pipe C into^the vessel which a 

vacuunj is maintained by meaffs of an exhaust pump. The reduced 
pressure causes the air di^olv?d in the wal^r to be Aberrated as 
bubbles, and* con^qaently a froth ^appears ip^the upper part of 

^ S. J. Johnstone, J, Soc. Chem. Ind. 37J[1918), 441b. 

* C. E. Oliver, Eng. Min. J. Ht9 (1920)*, 8.|0*; H. H. Claudeer, E[ng. Mizi. J. 

103 (1917), 786 ; Trans. Canadian Mm. Inst. 19 (1016), 124 ; 20 (1917), 121 ; 
E. R. Woakes, Trans. Inst. M^n. Metm21 (Illl8),*184. • 

* See T. J. Hoover, “ Concentrating Ores by Floifitio^ ” (publiehed J)y the 
Mining Magazine) fl916), Ch. VIII. 
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^the vessel. Ijji tfie frath, each bubble oj air is surrounded by a 
thin film of oil. The particles of molybdenite cling 'io the oil 
films surrounding the Wbbles, rnd ttius remain suspended in the 
froth, ^^nilsl the gangue^jparticles sink to the bottom of the vessel. 
The rakes E at' ached to a rotating shaft gradually work the worth- 
less particles atgthc bottom to th^dge, and they pa^s out through 
the pipe F, whilst t{ie froth, bearjfpig the precious molybdenite par- 
ticlis, overflows continuously ai.d wnerges through the pipe G. 

^TOs process is worked successfully in Nor\^ay. Where the ore 
contains other sulphides, such as pyrites — as in Canada — there is a 
tendency for these other sulphides to adhere to the froth as well 
as the molybdenite. It has, however, been found possible to 
separate molybdenij;o from pyrites also, by flotation under appro- 
priate conditions. 

Molybdenum in Steel. Most of the molybdenum concentrates 
are used >for the ^manufacture as the alk^y* wHh iron known as 
ferro-molybdenum, which is largely used as an addition to steel. 
It was at one time usual to roast the sulphide to oxide, and then to 
reduce the oxide with carbon in the dectnc furnace, iron or iron 
oxide being added to the charge. The roasting of molybdenites, 
however, presents diflicultics owing to the volatility of the oxide. ^ 
It is perfectly possible to reduce the sulphide witheut roasting, by 
mixing lime with the charge ^ ; practically the whole of the sulphur , 
passes into the slag as calcium sulphide according to the equation, 

M 0 S 2 + 2CaO + 2C = Mo + 2CaS + 2C0. 

This process is actually used, in Canada and elsewhere, fo*r the 
manufacture of feiTQ-molybdenum.x 

High-speed toorstee Is 'containing molybdenum are very similar 
to those containing tungsten, but for a long time tungsten was the 
metal mainly discd for the purpose, because molybdenum steel gave 
trouble owing to “ seamincss ” ami liability to crack. ‘During the 
war, however, there was a shortage of tungsten, and molybdenum 
steel wr.s largely cfhploycd. It se^rfitv that'’' the .main difficulties 
concerning tlui: production' of molybdenum steel in'^/jound ingots 
have been overcome, and that molybdenum steel will in future* hav^ 
an importance at least equal to th^t of tungsten steel. 

Met^lic Molybdenum is also mad^ to some 'extent by a similar 
process, namely the ied;iction the oxide in the electric furnace. 
\^ere extreme purity is ndt required, reduction of the oxide with 

. V ^ ^ ' V ^ / 

» A. Stensfield, J. 15 (1916), 287. 

* 0. W. Brcwn>- Trans. Arher. Ehchoche^. Soc. 9 (1906), 109 ; R. M. 
Keeney, Tirana. AmoL'. ^iUctrockem. Soc. 24 (1913), 167 ; J. W. Evans, Trane. 
Canadian Min. Inst. (1918), 164. , 
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carbon, or ot the sulphide with ca^oA aildjime, js possible. It is^ 
stated thSt molybdenum contaf^g eajfbon can bl purified by 
heating .with^the ojfide. A nlpthod of obtaining purc’me^l depends^ 
on heating the pm'ified oxide in hydi’oger^in tlie^elec^nc Avrnace 
the product is th^n cmshed* and screened, <and a^ain heated at 
1,200° C. for some h®urs. . Thow^etallic powder can, now bo premised 
together in a mould to form a flcVierent mass^, whiofti is “ sintered ” 
by heating electrically, and finrjly^ieated very strcA'gly in vacjULo. 
This yields compact molybdenum. ^ 

Molybdenum is not naturally ductile, but if requirc.d in the f'ji'fn 
of wire it^can be rendered ductile and fibroids by “ swaging ” — the 
process being similar to that which will be described in the case of 
tung^en. 

Molybdenum has been proposed as a material for^the filaments 
of electric lamps, but, as it is less refractory than tungsten, it 
appears to be less suitaye. It is, however, adapted fordhe manu- 
facture of the wire supports for tungsten lilamerAs, and is exten- 
sively used for, that purpose ‘ it is employed also in the Coolidge 
X-ray tube. Molybdenum^ lias been used as a substitute for 
platinum in electrical cofftact-breakers. v 

Of the compounds, ahimonium molybdate has a tccKhical im- 
^jortance, being used in the dyeing of silk. It has been recom- 
mended as' a disinfectant for treatment of ‘the cloth of railway 
* carriages. 
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TUNGSy^N 

i4f-;om ic weight ' " S4 *0 

The J^ktal 

l^urlgsten resembles, on the whole, chromium and molybdenum ; 
it an extrejncly hard substance, having a grey colour and bright 
metallic, lustre. It has the highest melting-point of f^ll metals 
(3,267"^ il: 30° C.) ^ and is extremely heavy, the specific gravity 
being 19*1. '•In its ordinary form tungsten is extremely brittle ; 
the grains composing a piece of tungsten readily part company with 
one another, and intergranular fracture results. It can, however, 
be converted to a ductile, fibrous form by a type of mechanical 
work, knbwn as, “■ swaging.” The'dact tlFiat ir.echaidcal working 
renders tungsten more ductile appeal's, at first sight, contrary to 
the usual rule that mechanical work repders a metal harder 
and less, ductile. The theory of 8\^aging will be considered 
further m the technical section. 

Tungsten crystallizes in the cubic system, the atoms being 
arranged — according to the results of X-ray inveHigation — on a 
centred-cube space-lattice 2 

Compact tungsten is permanent in air at ordinary temperature 
and is only superficially oxidized when heated. It is unattacked 
by dilute sulphuric or hydrochloric acid at ordinary temperatures, 
but is quic)dy dissolved by a mixture of hydrofluoric and nitric 
acids, nitric oxide ^einpj -evolved; and tungsten trioxide being 
produced.^ It is slowly attacked by fused caustic potash. 

The anodic behaviour of tungsten ^ recalls that of molybdenum. 
In a solution^ made alkalin^’ with sodium hydroxide or even with 
ammonia, the anode is attacked '^reqdil/ enough at Ibw current 
densities, i^(I)luble tungstates being, produced ; but it becomes 
passiV‘e*'if the current density ex;^ccUs a ‘certain value. The 
passivityf?pqicKiy disappears, however, if the 'current ds shut off. 

In acid solutions, on the other hand, tungsten anodes become 
passive much more 'readily. An*'* anodically polarized tungsten 
anodfe Shows a series of interesting colour changes ;,*■ the order of 
thf colours which.' appear upofl the anode surface with increasing 
polarization are indepenclent of the nature of the bath used, and 

^ Langmuir, J. Franklin Inst 180 (1915), 490. 

Debye; Phys. Zeitsch, 18<<1K17), ^83. 

^ 8 Yf. E. Rud^tr, >: Amer. Chem. Soc. 34 (1912), 387. 

® * W. E. Koerner, Trans. Amer, Mectrochem. Soc. 'jl (1917), 221. 
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have beer^ttributed to*lhe forma^n of j film coAisfing of definite 
oxides on surface, as follows* — • 

Brown . . att^ibute(^ t# WO 2 

Purple .* . •ia.ttrlbuted to mixtures of^WOg/ind WgOs 
Blue , . . attributed '4K:fW205 or WsOg . * 

Green .** . attributed tfiiWixtures of* \y20f> and WO3 
Yellow . . attributed to^ VWa 

There is no doubt .that the yellow colour produced upon aful]^ 
polarized tungsten anode is due to the trioxide, WOj, but lihe 
assigning 4 bf the earlier colours to definite oxides is a matter con- 
cerning which there is less certainty. If the current dtjiisity exceeds 
2 am{)s. per sq. decimetre, the anode bccomett yellow almost at 
once, 'fhe passivated anode becomes active wheif allowed to 
stand in distilled water for some hours ; a solution sodium 
hydroxide renders it a'iiive {^most immediateiy^ owing to the 
formation of a solut)le tungstate. 

Laboratory •Preparation. Certain technical experimenters 
claim to have deposited tungfeten clectrolytically from the solutions 
of the salts, bift appear ^o have mistaken one of the lower oxides 
(WO ) for the metal. ^ The failure of all attempts to deposit tungsten 
ffectrolytioaUiy sterns to be due to the feebly t^ic character of the 
pxides. The tungsten salts are almost co|jjapletely hydrolyzed, and 
tungsten cations can only exist in appreciable amount in the 
]>re8ence . of a high concentration of acid ; in such strongly acid 
solution, the whole of thb current passing is devoted to the produc- 
tion o# hydrogen, and tio deposition of tungsten on the^athode is 
obtained. , 

The laboratory preparation ol pure tungsten is n^t easy. The 
product obtained by heating the oxide with carbon in an electric 
furnace usually contains carbon, which^matcrially alfi^s the pro- 
perties of tfee metal, incf^sii^ Mie hardness and brittleness. A 
purer metal is obtained by heating the trioxide in a Current of 
hydrogen^ ; the p^idtS; WaCs* ^nd WO 2 are ^prmed in tufti’and 
finally tungstq|;i metaLis obtained, but it*is difficult ft) jejjppve the 
la^ traces of oxygen. Tde finely divided* tungsten «thus prepared 
can be melted electrically in vaev^ In a special*apparatus, amd thus 
brought to a comj^act fornff® During th§ filsion, most ol •the 
impurities are elimiftat^d by volatilijation. • 

^ Compare A. Fischer, Zeitsch. Jfhorg. Ohfem$^ 198. 

* Equhibrium diagrams showing ^he conditio^ of equilibrium betwien the 
different oxides and metallic ti^gsteH in presence o:^hyd*ogAi and water 
vapour are given by J. A. M. von Liempt, ZeitHh, Anorg.iChem. 120 (19®2), 
267. • . 4 

^ A. Fischer and A. Boderburg^^et^^/). Anorg. Chem, 81 (191^, 178. 

M.O.— VOL. II. t 
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^ Gom^di^ids 

:l As iiKtlSj^caseco^niolt bdenum, ne/j-ly all the stable coiiipounds 
are dferived from the^trio^ide, WO 3, which has .primarily an acidic 
character. A lower oxide, WO 2, is ^nown with some derivatives, 
and many bod^s knojvn as “ tungsten bronzes ” can bd prepared, 
which represent ail intermediate state of oxidation. There are 
four (falorides, WCU, WCl., Wdli ffnd WClj. 

'/ 

A. ‘'Compounds of Hexa valent Tungsten. 

The trioxide, WO*3, is formed when either the finely-divided 
metal or the iower oxide is heated in air. It is a yellow substance, 
the coloiir^ — as is So often the case^ — becoming deeper, v^hen the 
oxide is heated. An insoluble yellow hydrate, known as tungstic 
acid, H.2W04,ris produced when a hot solution of a tungstate is 
decompo8ed witli Un acid ; but, if the preCIpitatj.on occurs in a cold 
solution, a white amorphous form containing more water is obtained ; 
this is converted to the yellow form on boiling with water. If the 
additioi) of hydrochloric acid is made* to a very dilute solution of 
sodium tungstate, no precipitate is prodijced ; aftel removing the 
sodium chloride by dialysis, a quite stable colloidal solution of 
tungstic acid is left, which, like that of molybdic acid, can l)e 
concentrated without fiqcculation until a gummy residue is ob-, 
tained ; this gummy residue yields the anhydrous oxide (WO 3) 
on ignition. 

The tungstates are formed by the treatment of the trioxide with 
alkalis, either in the fused state or in aqueous solution. ‘Many 
series of tungstatesf are known, in which the proportictns of basic 
and acidic qxides vary considerably. Sodium normal tung- 
state, Na2W04.2H20, can be obtained from solutions containing 
excess of alkali. But if th^i boiling solution is made nearly neutral 
with hydrochloric acid, or by bubbhng Carbon dioxideigas through 
it, the sally which crystallizes out on cooling contains more WO3 ; 
it is^kfiown as coA^mon sodium^ttmgstabe, ]^;iioWi204i.28H20, 
or 5Na j^?.^2y70 3.28ft gO/^nd forms colourless moii9clinic prisms. 
Owing to theceake witlf which this sail crystallizes out, ^t c^n 
readily be purified, Und is theifefore a good material with which 
to ftb&rt in the preparation of othef tungsteh compounds. The 
insoluble tungskiteS, saich as* calcium tungstate, can be formed 
by precipitation. ^ 

‘iungSten trioxide has the* property possessed by molybdenum 
trioxiAe of riombinin^ with or1JiGi|)ho8^hates to form addition pro- 
dudes. When ^diiftn hydrogen phosphate (Na3HP04) is treated 
with sodium tun^2,tate in thfj nresence of acid, tiie vellow nhosnho- 
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jLia<2-»^-»-I^04.12jW03.37H^0( Is obtfLincd.*.!* Icss Ecid bft 
present, Sk white^salt Na3P04.^Wi)3.{!EH20 sepa^jatcs.* ^ 
Tungsten trioxido seems t|> hate practicf^Uy. nj basic ^character 
it is almost insoluble in acids, except hy^i^fluoric ad(^ If fimgstfc 
acid is dissolved in hj^ofluoric acid and potaasium hydroxide is* 
added, vsRrioy^ double flViorii^«?^ such as 2 KE.W(|oF 3.H20, can be 
obtained upon crystallization.* ^ 

A trisulphide, WS3, is kno\^i, ^nd is best obtairfbd by passing 
hydrogen sulphide through a solution of ammonium tungstatl; ajjd 
acidifying the solution obtained ; it is a brown precipitate, but • 
appears Ifiack when dry. It is soluble in an 5 monium sulpfiide, and 
from the solution red crystals of ammottium thiotungstate, * 
(NH4)2WS4, can be isolated. ^ • 

• 

B. Intermediate Oxides and their Derivatives. 

• • 

It will berf’cmerT^bercd^that the partial reduction of mt 4 ybdenum 
trioxide and its salts yields various blue products. In the case of 
tungsten similar intermediate bodies, many of which have a blue 
colour, are known. On reducing the trioxide in hydrogen at 
250 - 300 ° C., ahlue oxide^’ apparently of rather variable coi:gpo8ition, 
is obtained ; sonie authorities state it to be W2O5, others WsOs. 
Tt can, (>l gourde, be regarded as tungsten tpngstato WO.2.WWO3. 

^ Especially interesting are the substances obtained by the partial 
reduction of the tungstates ; these usually possess a bronze-like 
superficial lustre ; hence the name, tungsten -bronzes. Tin, 
zinc, iron and hydrogen have all been used as reducing agents, 
whilst some experinientei'S recommend the electrolytic jeduction of 
fused sodipm tungstate. At le,ast thre<^ differ^^nt bronzes, differing 
in colour, arc known ; often reduction m^y givS rii^j to a mixture 
of these compounds. If a fused mixture of sodium tungstate and 
a small amount of tungsten trioxide ris reduced wtih tin, cubic 
crystals of <a yellow brd\i:»e are (obtained ; if rather more •tungsten 
trioxide is present, the product is a red bronze, to which 4 ihe formula 
Na^WaOe has bcfn aj^ribed^ .^ilst from still iJlore acid mixtures a 
blue bronze, ^said \o be Na^WsOis, ap^ars!^ Alkthe^^ formulae 
ajjiould be accepted witlf cautipn. » • * • 

When acidified solutions of’ ^ptigsten trioxide are treated with 
zinc or tin, a- blue solution i» produced, which-^arguing by analogy 
from the case^of moljflbdenum— cont#.in8 tljp ooK^dal oxide Ws^s- 
If the reduction is continued, however, ,*further colour changes are 
seen. A solution of potassi^lpi tuE(g8ibt53 containing "bmlic ^dd 
when reduced with tin becumestfi^t blue, fiien gr^er^ ancfifinally < 

^ J. Philipp, Ber.^15 (1882), 499. Compare E. S haSrer, Z^tsch. 

CAem. 38 (1904), 142. ‘ 
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deep red. Fr(im'*01ie red solutioV doiiblo'-oxalate of peiatavalent 
tungsteiT 'jiavipg the coiipo*"itiai iiK20.2W2'CV5.4C2CV:.yHa0 has 
J[)een isolated as#\af red 'crystalline jfowder. The details of the 
prepatalion ami piirific&tjjon— which presents ^considerable diffi- 
‘culty— must b(^ sought elsewhere.^ 

C. Compounds ^of T4:tra valent ^Fungsten. * 

When fhe tlioxide is reduced %iiih zinc in the presence of a little 
hydrochloric acid, the dioxide, WO 2, is formed, as a brown powder, 
c If ihuch acid* is present, the oxide, which has a basic character, 
dissolve^ yielding a purple solution containing a salt, ^he salts 
► are, however, „difficulti to isolate from such solutions in the solid 
form. Both salt solutions and oxide are readily oxidized by the 
air. The dioxide ha.s little acidic character ; if treated witfi alkali, 
it evolves J^iydrpgen and forms a tungstate. The sulphide, WS.^, 
corresponding to it can be obtained by ideating the j(risulphide 
(WS3). 

D. Highly Oxidized Compounds of Tungsten. 

By adding hydrogen peroxide to a solirfcion of sodium tungstate, 
a yellow coloration is produced, and by brystallization in vacuo, 
sodium pertungstate, NaW04.H20, is deposited. •» 

e '' 

E. Miscellaneous Compounds. 

Chlorides. As in many previous cases, t.he various chlorides 
are cjifficult to isolate from the solutions of the oxides in hydro- 
chloric acid, and must be prepared in a dry way. Four chlorides 
exist. The*hexachloride, WClc, is formed by the action oi' dry 
chlorine in excess ,np^n l^eefted tungsten. If moisture or oxygen is 
present an oxychloride is also formed. The hexachloride is a violet 
crystalline supstance, melting at 275® C., and boiling about 350® C. 
At low temperatures the vapour density is, normal, indicating that 
the molecule is WCle ; at higher temperatures, the density becomes 
abnormally' low — a fact pointing to dissociation into a lower chloride 
and free chlorine. Ttie presence ol!nfbisture causes hydrolysis to 
oxychloi^es s&ch as WOCI4 and WOgClaj^with evolution of fumes 
of hydrogen chloride, whilst exce38 of water causes coniplelse 
hydrolysis to the oAde WO3 or^a hydrate ; ^ curiously enough, 
neither of the hydrolytic changes commence^ at ordinary tempera- 
tui*8s, unless a tiltce of^^an oxj'chloride is already present. 

If ^ a, slow, stream of hydrogen is passed over the hexachloride 
below its* boiling-pdint, the^ pentachdoride, WCI5, is formed, and 

f *0 ^ t ‘ 

1 Q. O, Cf?llenbej;g, C^itac\, Anorg. Chem*. 102 (1918), 247. Some other 
pentc valent tungsten impounds are described by A. Fisrher and L. Michiels, 
Zeitach, Anorg. Chent.^l (1913), 102. , ' 
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may be condensed rn.n» cool r^c^ iver. The prwdu|t is, howevei^, 
impure, aW should Hbe redistiltedfin ^ciirent of caj-bon^'djfoxide, a 
residue ’of the less volatile rfietr^chloride* l^ing ^^hen^ left# behind!, 
The pentach]pride^ is dark gre^n, and ^en treated with* Water, 
yields a green solution Vhich^nydrolyses, gradually depositing ajblue 
intermediate ^xide.* The tetfi^chloride, JVCl4,|is brown, and, 
unlike most tetrachlorides, scilrcely volatile;* in ^e presence of 
water, it suffers hydrolysis, yid!idii% the brown oxide WOf. * 

If the reduction cf the hoxachloride in hydrogen is^ conduced iut 
still higher temperatures, the grey dichloride, WClg, which is also 
non- volatile, is produced ; this chloride evolves hydrogf ii when 
treated with water. It is possible to carry the r«duction even 
furth*er, and to obtain metallic tungsten .by* heating the lower 
chlorides in hydrogen at a very high temperature. * 

Although the simple trichloride (WCI3) is not kn*)wn,f7et double 
chlorides, suph as ^WClf.SKCb have been prepared. ^ A solution 
of potassium tungstate is added in small quantities to excess of 
boiling hydrochloric acid, which is then quickly cooled (under these 
conditions, tungstic acid is* not precipitated to any considerable 
extent). The •solution isWuced with tin at 40 - 60 ° C., the colour 
becoming first blue, then violet, then reddish brown, and finally a 
•dark green-.yellow ; the last-named colour ii^filicates the trivalent 
state. The liquid is now treated with lyrdrogen chloride gas and 
* cooled in a mixture of ice and salt ; a crystalline powder, of colour 
varying from yellowish green to yellowish brown, is then deposited, 
which has the composition indicated above. * 

Cafbides.2 It has already been stated that the presence of 
carbon in* tungsten increases « the haird^essf ^Vo carbides of 
tungsten, W2C and WC, have been described, being obtained by 
heating carbon with tungsten and tungsten oxide ^respectively ; 
they are very hard, g^ey substances.* The carbide *WC^ is best 
known, hovever, as a coiffetit^eiA of tungsten steel. 

A*^lytical 

The reactms of tungsten compounds, are very slTni^to those 
oi molybdenum. Neutral solutions of soluble tmigstates* yield 
white precipitates with salts of#lead or meifjury. Whert treated 
with hydrochloric acid, thef yi^ld a precipitate of tungstic acid. 
If the solution is lfot*the precipita\fe is y^flloV* %nd insoluble tn 
dilute acids. If ,the solutior^ is cold, Alje precipitate, is wlyte ; 
♦ 

1 O. Olsson, Ber. 46 (1913), 566. , 

* H. Moissan, Comptes Rend. 123 (189U;, i6 ; r. KJOfnp^a j:^na, 

126 (1898), 1722 ; J.p. Arnold and F. Ibbotson, J. Iron 3teel Inst. 99<1W9), 
407. 
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addition of mCta^xhc zinc to thd^ acidified •solution cau^ a blue 
colour. neutral solufeoif of »a tungstate fs treat^^T with am- 

S:^onium ^sulpjiide/foilowetl by an acidf a pale brown precipitate of 
the sillphide, soluble jin liijampnium sulphide, is* produced. 

Tlf e method of separation of tun^en from other metals is the 
same as that of i^olyb(J,enum ; theijuantitative sepaiation of these 
two^metajs, wlwch ale so similar, (s a troublesome operation. One 
of the Vaethods available has been flidicated in connection with the 
estiviation of piolybdenum ; it depends on the ftict that the trioxide 
' of tungst/in is less soluble in sulphuric acid than that of molybdenum. 
Having Separated the molybdenum, the tungsten is converted to 
^ the state of tlioxide (WO3), which is ignited and weighed. , 

< 

Terrestrial Occurrence ^ 

C t 

Tungstwi is ono of the elements icwhicli^ becoi^c cor\pentrated in 
the last solidifying portion of an igneous rock- magma, and tungsten 
compounds arc found, principally, in the (pi artz- veins associated 
' with granitic intrusions. 'Phe commonest rfiineral is a tUngstate of 
iron, usially containing manganese also,*'known as * 

Wolfram . . (Fc,Mn)W 04 . ^ 

Wolfram is often ’found closely associated with titi ores, and 
sometimes with minerals dike tourmaline ; this fact suggests that 
tungsten, like tin, may have been given off, in, the final stage of the 
cons(?lidation of the igneous magma, in the^ vaporous state'. Wolf- 
ram is found, for instance, along with cassitcrite, in the rock known 
as greissen, ^hich is a granite altered through th('. agency of vapours. 
Many tin ores, in(?luflingi-tRosc of Cbrnwall, contain a c(^nsiderable 
amount of tufigsten. 

Wolfram ifj a heavy, blackish, opaque mineral ; it is usually 
found in, columnar form, or as granules, and is generally embedded 
in other minerals (e.g. quartz) ; *weU-formed crys^s Ve rare. 

The mosl important deposits of ♦tungsten are found at points 
situated on a circle ‘rpun^ the Pacific'" Ocean. iJSfew South Wales, 
Queensliftidf the IV^alay St^ates, Lower Buripa, China, Jfcpan, Alaska, 
California, Nevada, ColoraP^lo, Bolivia and Peru al*e— er 

have bedn— producers of tungsteft. Perhaps the most important 
lo(jality is the Tavoj/^ district of Burma, wh^re quarfo** veins occur 
ccflitaining wolfram, ‘associated with molybdenite, columbite, 
topumaline# and often •c|.ssjterite it the vems* are connected 
with granite intrusion of an exceptionally acid type. The 

* y. J.I Jobnstong, «XvSoc. Qhem. Ind. 37 ^1918), 294r ; C. G, Fink, Min. 
Ind.*2S (1920), 688. feee also Engineerinn, 99 (1915), 4-12 ; J. M. Campbell, 
, Econ. Geol^ 15 5Z5. 
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Australian and United* States ore&>ar6 alsoqmpqjjbai^. Along witt 
wolfram, N^ere ocaur — especially ir^ ^tnerica — otner tungstates, 


^ Scheelite 
Hubneriiie 


such as * - . . • 

^ MifW 04 ^ 

* ^Fcrbmtc . . 2 (Fc,Mn 5 W 04 .(Fe,]Vfn )0 

Outside the Pacific ore-cirSk?' rich ores* of tfmgsten occur in 
Portugal in quartz veins springlhg from granite, and “in tfie ^letfital 
matter covering the hills derived from these veins. Here agafin Jin 
occurs with tungsten. * • 

Wolfrim is a mineral easily attacked by ^feathering agencies, and 
alteration products, such as • • 

Tungsten ochre . . *. • WO3, 

are often met with. 


• 'J'echnolooy ok Tungsten* 

Concentration. 1 The tufigsten ore as it is mined requires egn- 
centration before being exported, since the wolfram comes up diluted ^ 
with much quartz and etther ganguc material. The wo^tfram can 
largely be separaced froni the quartz and other light minerals owing 
to the differerif^e in gravity. The ore is crushed, and concentrated 
on tables, similar to the Wilfley table described in the Introduction 
(Vol. I, page 123). The heavy particles, including wolfram and 
other tungstates, aie caught behind the riffles, and are shaken off 
a t the end of the table ,#whilst the lighter siliceous material is washed 
oveii the riffles and passes out separately. 

A good deal of ^he more finely powdered matter wfiich is neces- 
sarily produced during crushing cannot (iconon'ically be treated on 
tables, as the finer wolfram particles would be (Sirried over the 
riffles. Such material (the “ slimes ’ J requires spotJ^al treatment, 
usually on,a vanner (sae.Vol I, page 121). In one format vanner 
used for the concentration o> tungsten ore the ore-puljj is fed on to 
the travelling belt aUone siil^ • the siliceous n%atter is wasjie^ right 
across the b?lt,* {tnd falls o\A’ the otker side, wj^ilst the heavier 
•tungstate particles sinh» sufficiently to djhere to the and are 
carried along with it and fall bffl at the end^ As a rule, the whole 
machine is^ given a longitqdin^ shaking motion. * , , 

No gravity proves*, however, is ^able fo s^j^rate Volfram from 
the other heavy minerals, notably cassiteriJe, which may be prefJbnt, 
and it is usual lo complete the concepti'ation^by a irngnetif pro- 
cess, advantage being tak^n of^the fa^ th|it the tungstew^mineral 

^ H. C. Pannalee, Met. Chem. Eng, 9 (1911% 341f?^9t G. W! Eng. 

iHw. J. 97 (1914), 1261. 
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is slightly magnel^. llhe principles of m^rfetio separation have 
also been ^discilss^a in the IntroXtiction (\^1. ,1, p. 12^. 

In adiiitVDn tt) the wolfram confentrates obtahied from tungsten 
^)res ^rpfer, iconc^inlraCeg are obtain<?d as bye-products from the 
.dressing of tin ^res. .In tke liJnited ^ates,iferbbrite and scheelite 
ores fire treated In many districts, vfc^st hiibnerite is an important 
mineral both in (hat (foimtry and^ Bolivia. 

Maiyifncturfe of Tungstenr ^ftrioxide.^ The comparatively 
rich concentrate consisting, in most cases, mainly of wolfram, can 
theri be shipped or sent by rail to the industrial district where it 
is to be worked up. A considerable development of the (tungsten 
r industry in this country, chiefly at Widnes and Luton, occurred 
during the war, but .the exceptional demand for tungsten has now 
ceased. The Vnited States and Germany have, for some time, been 
large producers ^of tungsten. 

The coiv^entrate.is ground up wdth sodium carbonaj^e, and the 
mixture is heated in small basic-lined reverberatory furnaces at 
800-1,100° C. for some hours, the charge being contimially rabbled. 
The temperature must be sufficient to tendtr the mass pasty, but 
not to cause complete fusion. An oxidizfctg atmosphere should be 
maintained in the furnace. During the process, sodium tungstato 
is produced in the mass, the iron and manganese being respectively^’ 
oxidized to the oxides^FegOa and MnOa (or perhaps Mn 304 ). The 
product is tapped in a pasfy condition and, when cool, it is ground, 
and the sodium tungstate is extracted with water. The solution 
of sodium tungstate is then treated with hydrochloric acid which 
precipitates the yellow tungstic acid ; by redissolving the yellow 
precipitate ih ammonia and once m^ore precipitating with acid, a 
considerable amouct of purification can be effected. Finally by 
calcining the pf^cipitate, tungsten trioxide (WO^) is obtained. 

In one var.i?tion of the jpocess, the sodium tungstate solution 
obtained fby leaching is treated jvith cqlc'ium chloridg solution. 
Calcium tunpstato is thus precipitatedf and is afterwards converted 
to tungstic acid by the action of an aCj(j. i 

Ferro -tungsfen and Tungsten %teel. From tuji^sten oxide 
the differe&tf technically useful compounds of tungsten car b^' 
obtained. ^ Ferro -tungsten, mad^ by reducing a mixture of 
tungstcF- and iron oxides with carbon ii» an electric fuunace, will be 
considered more fi^Uyi in^the seftioif on ferro-*all^ys. Instead of a 
mixWe of oxides, the mineral ferberite, which, is a natural ifon 
tungstate,* is' often psed. ' Ferlo-tung^ten is largely used in the 

• 1 See iSngineering . 104 (f917)J 432. « Sie als^^ C. H. Jones, Met. Chem. Eng. 

22 (19p0), f). t,A Fre][i,clV^>POces» i8 described by C. Matignon, Chim. et Jnd. 3 
(1920)i 277, 422. 
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manufacture of tungsten §teel^ a njat^ri^i employed Very gener- 
ally in tho^aking of High-speedi^ jols, wjiioh are^aile during their 
use to.becchne hcjaled to temp^atilre^ at which ‘ordiw^a/y steels 
would lose their hardness. •Iij recent y^a»s, *h(iwev^r, the intrg% 
duction of hi|h-gr!ido ^etallip tungsten |;)ow(Jor as {$ comparatively 
cheap coipmercial product hiJi^r^used many steel- u/akers to enjploy 
this* material 'In the place of ^iTO-tungston#in tly manufacture of 
tungsten steel. ^ It is made by icc^uction of tAe oxi(|e injiydrggen 
at a high temperature, and contains 98-99 per cent, of tuiTgston.^ 

Many of the steels used for the manufacture of perm^tnent mag^nets 
contain Jbungsten. 

Manufacture of Electric Lamp Filaments.^ One of 'the rnost^ 
important uses of tungsten^ — its employment in the ^orm of a thin 
filament in the electric vacuum lamp — deilends on»the extremely 
high melting-point of the metal, and its comparative non-volatility 
at high temperatures. Jn the manufactm'e of Jungsten^ filaments, 
the powdered trioScide is usually moistened with* a small quantity 
of thorium nitrate solution a?nd then dried and ignited at 1,100°,C. 
for about an hour in a fire-^lay crucible ; during this “ firing ” the 
small grains of the oxide ^nite to form larger grains. Th« amount 
of thorium salt added fhust be enough to make 0*75 per cent, of 

• thorium oxide , in the product ; the function of the thorium oxide 
will be discussed later. Some filaments confain no thoria. 

* The fired oxide is then reduced to thfe metallic state by heating 
in hydrogen at 1,000° C. in an electrode furnace consisting of a 
silica tube wound wifji nichrome wire. The product is metallic 
tungsten (still containing thorium oxide) in ^coarse powder. 

The powder ca© be pressed dry into a rod, but tihe rod is so 
fragile that it cannot be lifteci.' It mdstf thefefcre, be “ slid ’’ into 
position in an electric furnace where it is “ baked ” in hydrogen 
at 1,250° C. The baking renders the ^od less fragile* although it is 
still porous. It can na\^; be clamped at the two ends b^two elec- 
trodes connected to a sourct of current and heated by the direp t 
passage of electricit;jj; to 3,0(K)° C. in an atmqpphere of hydrogen ; 
the operation, which is kne^n as “ sintesilig,” jjenders the rod 
.non-porousT « 

• • • • 

^ See*, however, J. W. Weitzenk^yi!, Met Chem.*Eng. 26 (192^), 604, who 
thinks the of ferro-tungffetfn gives a more uniform steel than.tyngsten 
powder ; the pure tiy^g^on owing to its high meeting- point is4iable to remain 
undissolved by the steel, and to colleot*at the t)ot1^(mf of the crucible ^s a 
segregation. • 

» J. L. F. Voge?, J. Soc. Chem. hid. 39 (I9f0), KWr. * , * • . 

Z. Jeffries, Bull. Amer. InsCMin. Eng! 138 (1918), 1037 ; C. H. Desch, 
Engineering, 110 (1920), 416 ; *W. Dl Ck)olidg^, Engineeri'*^, |i0 (1^0), 109 ;i 
C. H. Jones, Met. Chem. Engf 22 (1920), 9* H. J^tenuicke, QheT^. Z^ii. 38 
(1914), 631 ; “ A. ®.," Met m. Erz. 17 (1^20), 449. ^ 




^ The compact t^gsteV. obtilined in tfiis is still non-ductile, 
and would; brefik St once if^ amr a^mpt were made to ^w it into 
wire in V^hV? ordinary way. ft niust be converted toHhe -fibrous 
^blctile fdrm ky a^procdSs,of swaging/ The swaging machine is an 
adaption of a lAachino lon^ used in th« manufacture of steel needle 
blanks ^ (see Fig. 18). A split die, of suitable sipe i» attached 
to an axle J, whifh caif be made ^^jotatc at about 600 revolutions 
a iiv.nutc«witlvA a stationary shi^lf fitted with about ten rollers, R. 
Each^time a roller is passed the half-dies are fprced together, and 
^thusra rod of ttngsten placed at J in the jaws of the machine receives 



Fig. ^8. — Swag{ng Machine. 


about 6,000 « impacts 
per minute. Before be- 
ing placed in * the 
machine the rod is 
heated in an electric 
Jurnace, gind then 
brouglit by means of 
tongs between the jaws. 
At the start the rod is 
square, but the repeated 
'impacts render it round, 
and, at the same time,* 
rather thinner and 
slightly longer. When 
the •Hiiameter is reduced 
l>y about 10 per cent, 
the rod is reheated in 
the olectric furnace, and 


swaged between Ifalf-dieti *of slightly smaller diameter. Thus 
starting with ^ square rod of diameter of about 2 centimetres, 


the diameter, oan be gradufvfiy diminished, and the length corre- 
spondingly^ increased until a thin rqund rod Of diameter 0-76 mm. 
ia arrived at.^ The temperature of swaging should be 1 ,600-1,700° C. 
at thev commencement of the procesS»*but is #^radiially reduced to 
1,300° C. as the|,deforbsatioii increases. * 

As the*^?i,ging proceedf^* the rod beconies less fragfle, and the* 
tensile strength greatly increases when the diameter has rjeacheef 
0-8 myi^the tungsten Jias become ductilf, and it tan tljen be drawn 
out into still' thinnej: faamen^s by the normal pro/^ss of wire- 
dratving, diamond dies being usually employed. In this way 
filamwits gf the dian\pter required for ifce in the lanaps are obtained. 

The theory of swaging i^ extrenjely iyiteresting. The structure 

1 DtscrfoecJinU.SrP/Mnts 268874 (1882), 376144 (1888L and 616676 (1894). 
See alto N. L. Miiller,i Angf.w. Chem. ^6 (1913), i. 404 422. 
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of the original tung#fc5n rod has beeA studfed means of micro- 
sections, a^d is se^n to conaisif’ of ^or^nary equilxed* polygonal 
grains, ’similar to those of any oiiinary cast inetal,* such as copper 
or iron, whic|^ has^ been allowed to solidi^slowfy. ffhe *a^pareijtf^ 
brittleness of tungstends duo. to the facl^thahthe bifundaries of the^ 
grajns aro nol^ surfaces of str^igth — as in the case of most metals — 
but surfaces of weakness. Thd’ smallest foi^e is Sufficient to cause 
the grains to part from one fyi6t4ier, and inter-gfiyiular fracjture 
is the result ; withi^ a single crystal, there is no special teijdency 
towards fracture. » , • ’ 

.The iAter-granular fragility is generally thought to beta specific 
property of pure tungsten.^ It may conceivably be due, ‘however^ 
to me ^presence of a network of impurities separating the grains, 
such as is known to be the cause of inter-gra*hular fragility in copper 
containing bismuth. ^ Or again, it may be due to the unusual 
method b^ which the* tungsten rod is produced — iiy sintering 
instead of by fusion. Whichever explanation is correct, it is certain 
that, if the grain-boundarieS can be arranged in a direction along 
which fracture is inhvU'eniiy improbable, the special fragility of 
tungsten can* be avoided* • 

This is acconPplished by the process of swaging. The grains 
'of tlie iiitjal become elongated in the direction of the length, and 
reduced in the direction at right angles. By the time the rod has 
been squeezed, out into wire of diameter 0*007 inch each of the 
originq-l grains has become a fibre perhaps an inch long, and about 
0*00002 inch in diaimiter. Thus the structure of swaged tiyigsten 
is fibrous. All the surfaces of the weaknep are parallel to the 
length of the filiiment ; there is no inter-granular* boundary at 
right angles to the length which might 4 ^ 11 o\f ci fracture. 

That this explanation is correcd- is shown by fact*that if a swaged ' 
tungsten rod be placed on an anvil struck witji a hammer, it 
will often,split lengthwise into^a number of thinner parallel fibres. 
Evidently the surfaces of weakness are still there, but they are 
disposed in such a v«iy as ta^ie— to all intentf^and purposes— harm- 
less. 

^ 4^f'hough the tungLiten filament itf^fibrouf^ at tli(i» Jnoment of 
manufacture, considerable cTianges* in the strifcture m^y occur ’ 
when the J^mp i« used, ^t tlie temperature reached ^jn^ burn- 
ing, rapid ^ystai growth occurs in a tungsten filament free from 
thoria ; after “ burning ” for a sliort time* pirhaps about fifteen , 
minutes, the crystals havfj grown to ‘a la^e size,* single ^c^stal 
boundaries often extending rjght aerpss Jhe filament, a, condition 

1 C. G. Fink.^ef. Chem* Eng. 8 (1910)f 

® J. C. W. Humphrey, Amer. jnst. Min. ^{ig. too id4d. 
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which clearly renders Ijie filament weak ter this no further 
increase of thdaVfjrage grain-size Occurs, but tjie boun^^ies seem 
to keep \pmfting as burninfg ]^roc<J,eds, and this Shifting is ^iccom- 
^'jinied })y de{ormi,t?on*oj^ the filam^nt^, which may ultimately load 
to fraSture. Tiie function# of 4ihe thorium (jxide* is to restrict the 
growth of the tUngsten grains durii»g^3urning, and thus to prolong 
the life of the filafnent.i It does ndt prevent the conversion of the 
original fihrouji tstructure to an ^(fi^axed structure, but a filament 
containing thoria remains fine-grained even whgn burnt for a very 
lon|;, period, thoria segregates at the boundaries between the 

grains when the filamept is heated, and prevents the exaggerated 
^ain-groVth which would cause weakness. Other impurities, like 
lime and alumfria, which arc insoluble in tungsten, likewise tend to 
segregate at thf grain- b^nindaries and to prevent the form of grain - 
growth which is characteristic of pure tungsten ; on the other hand, 
impurities A^hiclf are soluble in tungsten Je.g. tungsten bronzes) 
have no ollstructire influence on grain-growth, blit rather seem to 
favour the exaggerated growth of certain crystals. . 

ft is noteworthy that filaments fail ^luch more quickly when 
'alternating current is used for lighting tkan when direct (mrrent 
is employed. The different crystals composing the filament tend 
to slide over one another along the crystal-boundaries when alter-* 
nating current passes, *80 that the filament — originally straight— 
acquires a zigzag outline. «This phenomenon, wliich is known as 
“ offsetting,” has been ascribed to the trembliwg of the filament 
produced by the passage of alternating cuj'rent. Owing to the 
increasing use of alternating current for lighting purposes, the master 
is of some importance,* and much work has been ck^voted to produce 
a filament stable to^v£ft.’ds |ilCernatin|^ current ; it is claimed that 
by the introduction of lime — or of a trace of phosphorus — into 
the filament, thp trouble can to a great extent be overcome. 

Although thbria reduces the tendency to j;’«;rystallize, ij does not 
entirely prevent it. If we can product a filament consisting of a 
siiigle long tfiin crystal-grain, inter-gn^nular jji-acturc will clearly 
be impo'ssfole, and this ^rticplar causluof failure Mil* be, eliminated. 
A recent GacijiaTf process ^ ^aims at the maiiuf acture of such la- 
ments, 'In this process a tmigstqn-friament containing thorium 
is made by “ squirting*” a plastic •mixj^ure containing a binder 
through an orifice, and the filament »thu8 prodiicfid is passed con- 
tinuously through h, ^onb syrrdunded by an electrically heated 
coil at ^hp ratp of about 2 J»iflet^es per hour. Th'e temperature of 

C. J. I^itheys, Trans. ^'^araUay (rt)22), 485: J. Inst. Met, 27 

(1922), 107.. . , f. . * 

* F. jchCter, J. Oa^^uchtung, 61 (1918), 44. 
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the zone is about 2^450-2,600° C., afid a hydro^en^ atmosphere id 
, employed.\At that temperature, ^he^* reerystallizatioi velocity 
of tungsten excd^ids the velocity with ^Ij^h^the filament pEissed 
through the *one,^and the filaihent cornea out ot th^^zono with a»il 
the atoms arranged actiordiijfe to a Singie orientation. That is to* 
say, the T^hoJ# filament consi^fei? of a single crystal. It is cut*into 
the lengths required and fitted* ir lamps witAoi^t lihrther treatment. 
It will be interesting to see how t^e life of these lafnps •crgnj^res 
with those of ordir^ary drawn tungsten lilanients. The inventors 
claim that the filament is unchanged by burning. ’ • • . 

•Althoilgh to the ordinary observer the single- crystal * filament 
does^not appear different to the common filg-ment of fibrous tung-i 
sten, yjt the crystalline character may be shown by etching. The 
etched filament has an octagonal cross-section, anci^ if slowly ro- 

• tated in light coming from a single source, and c^efulfy watched, 

it will be se^n to “ flash <r)ut ’^brightly eight times each ^e volution, 
whenever one of the eight faces happens to present such an angle 
to the light as’to reflect it into the eyes of the observer. • 

Power-consumption o’! Electric Filament Lamps. Lamps 
provided witfi tiing8tei> filaments are more efficient as Jight-pro- 
^ Queers than the old-fashioned lamps with carbon filaments, simply 
because tungsten can be heated up to a higlier temperature than 

• was possible in the case of carbon. explained in the section 

upon the gas-mantle^ of the total radiation given off by any “ black ” 
(non-transparent) body the proportion of ‘‘ visible ’’ rays increases 
steadily as the tempefaturo rises. In the old carbon lamjlfe, the 
filaiffeiit could not safely be heated above 2,000° C., ^.nd the con- 
sumptioi>of electric power wojg 3 to 4 ,watt8^)er candle-power ; in 
the ordinary tungsten lamps a teraperaElure ot al^put 2,130° C. is 
obtained, and the consumption is only about 1 -1 watts per candle- 
power. ^ • 

By applying an abnorffiallj/^ litgh E.M.F. to an ordinary tungsten 
lamp, and thus heating the filament to a still higher iemperatm^, 
we can obtain-^fpr h time--;^ still greater efficiency of light-pro- 
duction ; bill, in an ordinary evacuate^ lamp, thePtung^Jen begins 
Vo volatilize quickly, as soon ^s the l^nf^eratm^e exceeds the value 
for which the lamp was design^. The v-»latilized tungsten will 
condense on* the ^ass and’eause blackening, •wliich interfeioB with 
the passage of the* light ; moreoveu^ if thd v#l!ltilization is allcjved 
to go on, the bmp will soon “ burn ^ut.” 

There is, however, a clai^ of lamps ^ no\V manufactured con- 
taining an inert gas such aj arg^n^r nitt:og<fti. the pregence^f which* 

^ I. Langmuir, ^et. Ohem. Eng. 11 (lOlJi’), 61J r I^LangiAuii* and J. A. 
Orange, Met. Chem. Eng. 11 018.| * * 
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(jontrols the tend^jicy (^f the* tungsten to .yofatilize, and alloi^s a 

higher te^ipertituJe to bc^ reached eafely. Such lamj^are often 
^^nown as “half-w^tt l^ips,” and have actually a power-con- 
'^sumpjifn in cas<?^ia8 low asO-4 to 0*5 watts the pressure 
,of the inert g^ within ttfe ymp is asuallj^ in the neighbourhood 
of half an atmosphere. The design^f a gas-fiiled l^rnp,* howeyer, 
presents special difficulties, as the'presence of the gas is liable to 
cause ijensioval bf heat from th<i filament by convection currents — 
a los^ which cannot occur in the evacuated ,lamp. The special 
arrkiigement* l»f the filament, which is often coiled into a close 
^lelix, is«designed to minimize the loss through convection. TJjio 
i.lamp must also be designed so that the convection-currents of gas 
charged with tungstpn vapour shall strike the globe at some point 
at the top oft the lamp through which light would not normally 
need to pass ; thus, whatever ‘‘ blackening ” does occur, it will 
not interf(;re with )bhe luminosity ofithe lainp. Up to, the present 
time, half -watt li.mps of low candle-power have not been intro- 
dijced, although powerful lamps, suitS,ble for outdov)!* use (where 
arc lamps were previously employed), aie made in large quantities. 

Since ttic proportion of short waves iif light emitted by an in- 
candescent body increases with the tempeSrature," the light of the 
half-watt lamp, in which the filament is 400-600° (1 higher thaif 
that of the ordinary tungsten filament lamp, is exceptionally 
“ white,” 

Other Uses of Metallic Tungsten. In aiftition to its employ- 
ment in lamps and in steel, metallic tungsteif has proved useful as a 
substitute for platirvam in electrical contacts on magneto-^oils, 
relays and similar in.'^rumepts. Although inferTbr to pla/inum as 
regards liabilit^j^ to*oxidaffon, it is actually superior in the matter 
of fusibility and volatility. The good heat-conductivity of tungsten 
serves to prevnfit undue lieatkig at the point of arcing, and no doubt 
this is on« reason why the oxidation at af tungsten contact is not 
n>3re seriou#;. Electric furnaces cofisisting of afundum tubes 
wound* Twth tungsteft wire have pr(wfed more? serviiceable, as well 
as cheaper, thaw thosVwoiftid with platinum.# 6n abftount of its 
high rnglting^poi^t ‘it has proved e^^tremeljr suitable, in the eon-* 
struction qf X-ray tubes, as a material for the “ target ”• upon 
which ftke cathode-fay particles are diiected. * | . 

Ui^es of the Saifb! tungsten salts have found application. as 
mordants in dyeing, and ^li) in the process of 'rendering textiles 
fireproof. ‘They are dsed in the glass and ceramic industries for the 
productibn of •a yelloy tolohr. 

* W. D. IJfotidge, J. ^nd Eng.^Qhem, 4 (19f2). 2. 
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CRANIUM 

Atomic weigh. 238*2 

Th^ Ivf fttal 

Uranium is the last member of the group. The proper^e^. of 
this metal — more than those of any other — are rendered douttfuh 
bj’ the difficulty of isolating the element in the pure state. The 
purest metal yet obtained is a hard grey substance, capable of taking'^ 
a lustKj when polished. It is very heavy,’ although, curiously 
enough, slightly less heavy than tungsten, the specifii^ gravity being 
1 8*7. Uranium is by no means so infusible as tungsten, the melting- 
point bein^ probtbly somewJiat above 1,400°X;^ ’ 

Finely divided uranium becomes oxidized spontaneously in the 
air, and may even catph lire owing to the heat developed ; wlibn 
exposed to carbon dioxi(|e,‘’ it becomes covered, apparently, with a ' 
thin protective qxide-fi.hn, and afterwards can be exposed to air 
without che.nge. In the state of coarse powder, uranium oxidizes 
only wheir' heated, and the compact metal ip moderately stable in 
air. , 

Uranium is distinctly reactive, and, when in the form of powder, 
decomposes water ; it dissolves more quickly in dilute hydrochloric 
or sulphuric acid, hydrogen being evolved. Uranium precifiitates 
tin, copper, silver jand gold from solutions bP their sal>ts. 

The anodic behaviour ^ of cranium opresep>ts a contrast to those 
of the other metals of Group VIa. Uranium anod#^ do not readily 
become passive, and even when a brown layer of oxide appears 
on the anode surface,, it does not ir/ general appd&)r to interfere 
seriously Vith the ano'Uic .retlfction. In sulphuric, hydrochloric, 
or even nitric acid, the manium is anodically dissolved, passing 
into the solutiojj iiSainly lijjthe tetravalentf condition.^ On the 
^ other handf in an alkaline bath, or a solution of a pl/bspji^tp, a yellow 
•film* usually appears upon fv.uraniupi'^anode, 'which obstructs to 
some extent the passage of tlie current. ^ ^ ; 

Laboraiocy Ppej^aration.w Metallic airanium cannot be de- 
posited electrol 3 dically from an a(lue 9 U 8 \ohitibn. The reason is 
no doubt the sanle as thati^uggesi^d in the case of tungsten — the 
almost entire absence of sjidple uranitim cations from tSe^solutions 
of the salts. The electrcjysis of a uraniupa^ sal;# solution usually 

1 U. ^borgi, Zeitfic^, Elfiktnfhem. IV H5. 
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Iliads merely to tie prdductiAn of hydrogeti at the cathode, often 
accompanied Sy the deposition pf*^iydrated *tp{:ides uranium. « 
If, howe|er, an a(jugous solution <if th^ tetrachlorfde is electirolysed 
with a fnercuJ^ cathode, turanium Amalgam is sa^id >toi be obtained, 
^he high overpotentiarof mercury no ^ubt rfestraining the evolution 
of hjdrogen.^ When the amalgam^lffheated invacm, thb meroury 
is driven off, leading dranium in^ pyrophoric condition. 

The «mfetho(i ‘is, however, hf nc* means a convenient way of 
obtaii^ing uranium, and dry methods are usuaHy employed, based 
,upoil the redJbtion of the oxide with carbon, aluminium or mag> 
uesium. fWhen carborl’ is used, the uranium obtained iitvariabiy 
icontains carbon, whilst the metallic reducing agents commpnly 
fail to remove the whole of the oxygen. , 

In reading itatements regarding the purity of metals of high 


atomic weight, ^uch as uranium, it should always be remembered 
that the trjie purity of the sample is ifever Sb grea^t as the analytical 
results (expressed in the ordinary way) appear to show. For 
instance, owing to the unusually high atomic weight of uranium, 
the carbide U2C3 itself contains as much«as 9*3 per cent, of uranium, 
with only 7 per cent, of carbon. Consequently the^ro'duct obtained 
by the reduction of the oxide with sugar-charcoal in the electric 
furnace, 2 although its analysis may perhaps show ovAy 1 per cent, 
of carbon, cannot rightly be regarded as containing 99 per cent, 
of elemental uranium. It is more correct to regard it as consisting 
of 934 jx^r cent, of metal and 6-6 per cent, of the carbide U2C3. 

A method based upon the reduction of 'the oxide U3O8 with 


magnesium vapour is capable of producing a powder which confeins 
as much as 96-5 per ce^t. of praniuiu„with 0-5 pel* cent, of ^oxygen.^ 
The procedure conststs in !ieating a mixture of the uranium oxide 
(UgOg) and magnesium powder— pressed into the form of a solid 
rod. The heaj;.«iig is conducted in a magnesia tube, embedded in an 
electric r«’istance furnace. The temperature is first caised by 
posing a curjrent through a resister of granular carboh surrounding 
the tube. When ho#, however, the chAtents ^f the tube become 
conducting and ^''e heated by direct passage of,e{ectril;ity through 
them, by rafe^ns ^pf oarbon^electrode^ introduced at the two ends. 
During the^ whole proems, a current, of hydrogen is passed through 
the tu^ei When tHe*re^uired temperature is rfeache^*,. the mag- 
nesium is in the yapprqps coijjlitidn and is •able to’ reduce the 
uranium to the metallic statp. After the operatjjop the hydrogen 


1 J. F^^te, BuU. Soc. Chm. 2f> (1901), |622. # 

* * H. Moissan,Y?o^f*;)«ey^end. 122 (1^96), 1018. 

* E. *K. Vlidfeal, Dftisq’t^ition,* Bonn (1913), pp. 40-43# See also E. K. 
Kideal,V. Soc, Chem. hfi, 33 (191^), 673. , ; 



is replaced by carb&if ^dioxide, sincf otheJwisq'the metal touI^ 
ignite Bpo^aneously when esp'fesed tQ®the airf* Afterwards the 
finely .divided HipSiium is ^aslfed witn^ ace^c aMd, tcj remove 
magnesia. The uranium remains undii^qjv^d, eftch particle ^being 
covered — as lias f)een# menUoned — With a 4ittle uranium oxide.# 
The powder can be* fused ando«onverted to compact uraniunf by 
heaftng in a special form of electric vacuum €u];na|:e. 

Uraniun^nd all its compouiyfi undergo spontarifeously % radio- 
active transformation, giving rise to uranium Xj, a metal Ij^ving 
chemical properties different from those of uranium, ^ese changes, 
have been discussed in Chapter XV (Vol. I). 

• Compounds 

The important compounds of uranium are derived from two 
oxides, UOs and UO2. The trioxide (UO3) has^ a ijiuch more 
pronounced Jbasic charaefnr thv,n the trioxides erf the other metals 
of the group, although the salts are not normal compounds of the 
type UXa, but basic {uranyl) salts of the type [UOgjXo. The 
acidic character is less ‘striking, and the salts formed with basic 
oxides are insoluble. THb dioxide (UO2) has a basic (^aracter. 
A stable intermerfiate o/ide, U3O8, without derivatives, exists. A 
ffew compoi^nds corresponding to the sesquioxido (U2O3) are known, 
and the oxide itself has been prepared in a hydrated condition. A 
tetroxide, UO4, can be prepared, which* has an acidic character, 
several “ peruranatcj? ” being known. 

When uranium or any of its oxides is heated in air above 60#° C., 
it is ihe intermediate oxide (UaOs) which is {prmed. This stable 
oxide yields the dioxide UOa^hen heated ij hydrogen. When 
dissolved in sulphuric or hydrochloric acii, the ^xide UsOg yields 
a mixture of the salts of UO2 and UO3. If, however, it is dissolved 
in nitric acid, it is converted entirely to *iranyl nitrate»[JJ02](N03)2, 
and the lay;er yields tRe*trioxi^e UO3 on gentle ignitj^ below 
400° C. 

A. Compounds* 0^ flexaval^t Uranium j;iTranic and*Uranyl 
Compounds). 

* Uranium trioxide, UO3, is 'fomedf as has just T)een explained, 
when uranjd ^nitrate is heajed fn the air’ be1qv\* 400° C. * II' js an 
orange subslJince ^n# the anhydrous condition ; t?he hydrate, 
UO8.2H2O, is obtained when the iS'ating of* the nitrate is vlry 
gentle, or when aTi Alcoholic solution ^f uranyl nitrate is»e^apo^p,ted 
to dryness. The anhydroug tnoj^ide is^i^abjy in air below C. ; 
above 500-600° C. it commwices toTlose pxyg^v^ ^i^ldilig t^Je inter- 
mediate oxide (l^aOg). ' 

M.C.— VOL. n. 
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i The trioxide a di?tinctj.basic charactfi'. It dissolves in acids 
yielding ^^du-yellow sylutions^' Jhese solutions ^^eposit on 
goncentiation yellojv crybfcalliner salts, which, V already* stated/ 
are p^t notmal salts,, but basij salts, like uranyl nitrate, 

» [U02](N03)j.bHj0, uranyl sulphatetJUOjjSOirSHjd, and uranyl 
chlt^ride, [UOjjCla.HgO, derived»#^s though 'from the divalent 
radicle (UOa)** ^yhich is known as* uranyl. The texavalent* ion 
U'V/” jdoes not seem to have, aiiy real existence in tlje solution, 
and fihe salts are usually regarded as being iopized thus : — 

‘ ^ [UO,]SO,^[UOJ* + (SO,r. 

^ There is, however, some hydrolysis, and for the most part ^be 
solutions of the salts are acid to litmus. When boiled they yield 
more basic ^Its ; a solution of uranyl sulphate (UO2SO4 or 
UO3.SO3), for instance, after boiling deposits crystals of 4UO3.SO3. 
Uranyl salts, both in the solid state ancLin solution, show a very 
characteristic yellow-green fluorescence, the cause of which will bo 
c^iscussed later. 

The insoluble uranyl salts are fongicd^by precipitation. The 
phosphate (U02)HP04 is obtained as a pale yell/)w precipitate 
when a solution of sodium phosphate is added to a solution of a 
uranyl salt containing acetic acid ; if ammonium salts are presert 
in large quantities, the double salt NH4(U02 )p 64 is obtained. 
Both precipitates arc remarkably insoluble in water and in acetic 
acid, but are dissolved by hydrochloric acid. The ferrocyanide 
is a r, eddish-brown precipitate formed on tl^e addition of potassium 
ferrocyanide to a uranyl salt. 

Uranium' trioxide has also an acidic characte,”, but the uranates 
are insoluble in v^afer. ^,As a resfiit, they are produced, instead 
of the hydraf\?d trioxide, when the uranyl salts are precipitated 
with alkalis.^ ^ For instance, when a solution of uranyl nitrate is 
treated ^^Y^th caustic potash, potassiun^ cdiui anate, K2U2O7, is 
^f^rown down as a yellow precipitateo the sodium and ammonium 
diuranates are obtained in a similar fv^y. 

Normal uraiyites (K2UQ4) as weii as the triucanafps (KgUgOjo), 
tetra-urana(es (K4U40i3)^;^re hexa-uranafes (lC2U60i3*J are knowp^ 
but they are ad insoluble. ' , * 

B. Intermediate Oxides of U^'anilim. 

When the trioxide is heated above C. in air, it loses 

oxygen (ind beconjes converted tot a greenish-black substance. 
If the.trioxide is in a^^ne^state oj[ division, and the heating is not 
accojmpjished tcj©^ high ^ t^raperatare, preferably being com- 
pleted in an atmqsphere of (jxygen, the composiltion approximates 
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closely to UsOg. temperaturci empkJyed.fs very high, moi;p 

oxygen is^jven up,, and the cDiUpositip^i may cfim# nearer to that 

* expressed by tlHiormula UoOg.! Man^^cheryists regard* UgOg e\fi 
uranous uranate UO2.2UO3. 

A hydrated forifi ^ oi UgO^is produced when an aqueous solutionr 
of uranyl» acetate containing rvsAher suffers spontaneous reduction 
by *oxposure ^o light, and when uranous l^(^o^de is allowed to 
oxidize in the air ; prepared in t^K-^first way it appeaf»as a^flqpcuient 
violet precipitate, while the second method yields a ver})^ dark 
green product. 

• ^ ^ 

Of Compounds of Tetravalent Uranium (Uranoufe Com- 

•pounds). 

The dioxide, UO 2, is obtained when the frioxide ^Og) or inter 
mediate oxide (UgOg) is reduced by heating in hydrogen. It is a 
heavy substance varying»iii colour from red-br5\jTi\o bfjyjk accord- 
ing to the conditfons of preparation. When exposed to the air, 
it readily becomes oxidized to UgOg. The hydroxide, obtained by 
precipitation of a uranous salt with an alkali, has a red-brown 
colour, • • • 

Uranous oxide* has a**distiiict basic character, and dissolves in 
&cids, yielding deep-green solutions, from which the uranous salts 
can be isolated. The uranous salts can also b 5 prepared by reducing 

* an acidified solution of a uranyl salt withTzinc, or, in the presence of 
light, with alcohol. =For instance, if a solution of uranyl sulphate, 
fU0o]S04, is treated v^ith. alcohol and sulphuric acid and exposed 
to siyilight, the yellow colour changes to greei^, and from the green 
solution, uranous#8ulphate, U(S04)2.8H20, can be^obtained in 
green crystals ; various other 1 iydrate 8 «are*kifown. The corre- 
sponding chloride, UCI4, although more usually prepared by a dry 
method, can be ob^ined in a similaq way. An alcoholic uranyl 
chloride solution 'dbntaiying hydrochloric acid is expojj^ to the 
sunlight, and •the uranous thloride produced is precipitated 
adding ether. Uraiiyus sal^are strong reduoing agents.^ , 

The insoluble ui*anous salts srii' obtain^ asti^ual. « The sulphide, 
XTSg, is a bfack compound precipitated "jj^hen ammonHifh* sulphide 
is added to a uranous salt solucjon, while the j)hos^ate is a green, 
gelatinous precipitate. 

D. Compounds of Trivalent Urjftiium. 

The trichloride*, UClg, cati be obtained by heating the tetra- 
chloride, UCI4, in a currei^ of Jiydro|ej^i, qr alternatively»Jby the ^ 
prolonged reduction of a Mranyl Shloryle .sgi^ftijif wi^i jinc; and 
^ f, Moy, Bul^. Soc. Ohiff. 23 
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bydrochl6ric acid!, Tht reddish solution kf Somewhat unstable — 
gradually 'ievolVing hydro An and ^assuming thp green ci^loiu: char- 
acteristic of uranoug salts,?* hfut dr— before this dol ors — theTeddish 
solutipw is tieatdd with, potash, a^n unstable brown hydroxide, 
• U(0H)3, is produced. This* is ver?^ fugitive ^’and even in the 
absdTice of air passes to uranous •hydroxide, hydrogen igas being 
evolved. ‘ ♦ 

E. Highly Oxidized Compounds of Uranium. 

, When hydrli/gen peroxide is added to a solution of a uranyl salt 
/e.g. the| nitrate), a tetroxide, UO4, which has no basic properties, 
% is thrown down in a, hydrated condition as a yellow precipitate ; 
it is impossible to (d*ive off the whole of the water without catlsing 
loss of oxygcifi.^ A i)Otassium peruranate, derived fi*6m the 
same oxide, is formed by adding alcohol and then potassium hy- 
droxide ; it is a r^d substance withrthe composition KgUOs-SHgO. 
But, when aqiiedUs hydrogen peroxide acts upo*li a uranyl nitrate 
s(?lution in the presence of considerable excess of potassium hy- 
, droxide, a bright yellow solution is prcyluced, which yields, on pre- 
cipitatioA with alcohol, a yellow salt containing stilUmore oxygen. 
This has the composition, 2K202.XJ04.10'H20, and is usually re- 
garded as a compound of uranium tetroxide and potassium peroxide*. 
Sodium and ammonium salts are obtained in analogous ways, 
whilst insoluble peruranate, such as the calcium salt, can be pre- 
pared by precipitation. » 

•' ♦ 

F. Miscellaneous Compounds. 

i • 

ChlorideS of Uranium. Although the r tetrachloride and 
trichloride can be ‘obtained in a wet manner, as already 'described, 
the three chloAdes of uranium are all most easily prepared in the 
dry way. \yhen chlorine gas is passed over uranium the tetra- 
chloride ^isnixed with a little pentac]iloride^s'formi>d. The same two 
^lorides can be obtained by passing chlorine gas*over a heated 
mixture, of the oxide and carbon ; atiiuicke^ method is to pass a 
mixture of chlorine aVid caibon tetr^fihloride ovec ihcrheated oxide, 
for in tlh^^Way oxygen ig" eliminated raoce rapidly tfian by solid 
carbon. From the mixturb of ♦ tetrachloride and pentachloride 
the letter can be rompved, owing to its greater volatility, by passing 
a current of barbon dioJtide over the heated «materiah The tetra- 
chloride, UCI4, is therefore left behind in dark-green lustrous 
cr3?^stals. , The penfachlerida, UCls^ is produced when chlorine 
is passpd over the headed t^rachlgri(le,,and sublimes forward with 
the gas., ^t*is fi^ddfi^|-red,or brown sii^stance, readily volatilizing 

' t?. F. HUttig and*E. von Schroqder, Zeitsch. Anorg. Chtm. 121 (1922), 243. 
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without decomposftibn,When warmedin a atream^^t clilonne ; when 
vaporized a stream of a nei®t?al gg»s, '^.g. carb^on^ox^e, it par- 
tially <hssociate?hinto chloride and the tetrachjoride. Bo|h penta- 
chloride and^etraphloride are ^ery deliquBScent. ^yhen tl^^tetrfl,- 
chloride strongly he^d a current of hy^ogeij, the red-browiT 
trighloride, JJCI3/ is produced. • 

Action of Light on Uraniur; Compounds. ^1^ has long been 
known th^t uranyl salts are dfcoiSposed by light in the jft’esence 
of organic substanc(?s, being reduced to the derivatives of thetlcwer 
oxides ; this decomposition by light is known as phololys^s. *[t is* 
also a matter of common knowledge that solutions of uramyl salts 
display a brilliant greenish-yellow fluorescence, but that this fluo-‘ 
rescenco is destroyed by the presence of <je/tain substances, for 
instance by feme or uranous salts. Recent reseai^h appears to 
show that the photolysis and the fluorescence are clasely connected. ^ 
The substainjes whjch destroy fluorescence are in gq^ieral those which 
are capable of reacting with yranyl salts in the presence of light. 

The view has been put forward that the light absorbed by uraniuba 
compounds brings about a change in the state of oxidation. ^ Accord- 
ing to one suggestion, ,tfie liexavalent uranium compound gives 
rise to a mixture of octavalent and trivalent uranium compounds : — 

5U'’' -f light 3U' -f 

* If no substance is present which can re^ct with either of the pro- 
ducts, they again interact with each other, the original compound 
of hexavalent uraniuni being regenerated, and light being ^iven 
out %gain. ^ 

-f 2U“' 5U'^ -f light. 

This causes the phenomenon which we call fluoresetnee ; the light 
given out is not necessarily sent off in the same direction as that in 
which the original jj^Jident light was travelling, and il best observed 
if the eye i^ in such a portion that the direct rays fromrftfle source 
of illumination do not reach ff. • 

If, however, an orgllnic rectil^ig agent, like gxalic acid, iif present, 
it will interdict wi^k the octavalent urqnium salt %s jypy as it is 
fi)rmcd by the light, and reduce it Jo^he hexa'VKilcnt condition 
without the production of ligh^'; thus the* fluorescence* is extin- 
guished. Trivalenl uraniufQ compounds jeiflam in, the f)it)duct 
and may react wifli the hexavalenb compoundst to produce egm- 
pouhds of an intpiynediate state of oxiRation. The final 

• f 

* E. Baur, Helv. Chim. Acta, 4^ 180 ; tZeittch. Elektrochem. (1919)t 

102 ; E. Baur and A. Bebmannt Hefv. d%im. Acta, 5 ♦|922)? E. C. Hatt, 
Zeitsch. Phya. Chem^ 92 (1918), 613. CJompare G. xriiiflpler, Zeitsch. J^hys. 
Chem. 90 (1915). 386. 
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dt th© actiuii ui iiUjiiD un uxcbiiiirm uAttitttt; its ifrvxuiot-uiuwii iiyiirat©d 

form of tfle oxide UaOa. ‘ ^ ^ 

c The stjbstances ^hich /destroys fluorescence ate mostly' either 
oiidizftii^ ageh^-s \like ffe'ric salts )f which migl|t be, expected to 
•react with and (Jeatro^ the^trivalent uio^nium compounds, "or reduc- 
ing ligents (like oxalic acid, potailSium iodide' or ijranctus sa]ts), 
which will react ^with *and destroy Vhe octavalent uranium com- 
poulidsf Tn t!i®lt*her case, the ret era ^ change which is tbc cause of 
the light-evolution is prevented. 

. P^thaps, !i\iwever, the connection between photolysis and 
fuorescc{>co is best e5iplained if we assume that the Auction ^f 
< absorbed lighl^ is to oonvert the uranyl ion (or the uranium salt 
molecule) from an inactive ” to an “ active ” state, thus 
' ' U'l -f light - U"' 

( , Inactive. Active. 


If no rediK^ing agpfit is present, the Reverse chai\"e occurs the next 
instant, fluorescent light being emitted 

= U^i 4. light . 

, Active. Inactive. 


If, howe'l^er, a reducing agent is prescntji it caji react with the 
actified uranium, and reduction to a lower state of oxidation occurs/, 
at the same time the ‘fluorescence vanishes. Baiir has Worked out 
an interesting theory, wliCch can be regarded as a development 
of that just suggested, to account for the effect of uranium salts, 
and pf various fluorescent organic dye-stulTs, in promoting the 
photolytic decomposition of such substances as oxalic acid ; for 
details, the ^'original ‘papers must be consulted ^ 

Another interesl^n^ eff^ft, which'Cs closely connected •both with 
photolysis an(h fluorescence, is the shifting of the value of the 
potential of ^lo electrode 

^ - I Solution ccntainin£*iir^yl and 

'■V Platinum *u ' 

^ 1 uranous salt* »■ 

through illuminatiof?. If a cell is set ffp, consinting^of two platinum 
electrodes immei'sed in* a solution of the uraniuiu^alts,*'1jut arranged 
so that one’^eleptrodc (oniy) is exposed t^ a bright light, the ce|l 
can be m{ide to furnish a current.* , Probably this is due to changes 
in the state of oxidlitton of the uranium«>brought about/by the light ; 
it 18 interesting tp»not^ that gertain substaftceft (moktly oxidizing 
and reducing agents) inhibjt or hinder the production of current, 
and l^hd/t ‘these ar^ in geflerj-l th© saijLe substances as those which 
, inhibib*Huor§8cence. r « ^ c * < 

Like many othfr ilfh orescent and phol^phorescent substances (e.g. 
zinc‘‘sulphide cont«jining a tr^ce of m^pganese) shlid uranium salts 
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have the property of ; thati is, ^hey emit Hght wh^ 

crushed. ^ 

Ai^lytical 

The brown colSrati<an obt^dned wher- potassium terrocyamde 
added to An acidified solution "f a uranyl salt is chjCractoristic tf the 
metal. Other tests are based hpon the yeUow c|)loration obtained 
by the addition of hydrogen pe^o.Jde, and the greetf golour (jbt^ned 
by reduction sith zinc, but several other metals show rather similar 
colour-changes. 

^ Uranium is precipitated as ammonium ^ranati; \viit"ii*iinimuiiia, 
is added to a solution of a uranyl salt. Va4ous other metals, sucl^ 
as Iron, are also precipitated by ammonia, but if is possible to 
separate uranium from all the others by efigesting^the precipitate^ 
with a concentrated solution of ammonium carbonate. Uranium 
is dissolvc(J out as a complex carbonate, but ^ll\he other metals 
(including uraniutn Xj, which is always present iti smalf quantities 
in uranium preparations which have been kept for any lengthy of 
time) remain undissolvcd. 

The filtrate can them be reacidified, boiled free from carbon 
dioxide, and theniraniifm again precipitated by means of* ammonia. 
The precipitate of ammonium imanate yields UgOs on ignition, in 
which form ui’anium can bo weighed. 

Terrestbial Occurrence 

Many of the natural sources of uranium have been mentioned 
in tlie section on^radium. Uranium occurs ^in the l^st-solidifying 
portions* of igneous intrusiona^as the ?Dlack •xj^e. 

Pitchblende . . UgOg, • 

which is found in.- Austria (Joachimithal), in Coan^all and else- 
where. Fven more ii!i|K)rtanfrds the secondary miner^ » 

*Carnotito . . K2O.2UO3.VtO8.3H2O,** 

found in Colorad^^ and Utali,^ a yellow impregnation in Sandstone. 
, Rather sirhilar uraniuip minerals occur in a comlle^uiiie found at 
•Clary in Australia. / 

Other mineral^ containing tmall quantities^ of uranium include 
the impufqjoxid^ o^’thonum^ „ ' 

Thorianite thO. 

and Ehienite a niobate-titaqate cer- 

^ium* yttriumt^ erbium 

pwld utaifium;^ 

both of which Ifave already been n^entioned. 
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. All minerals coAtainifj^g uranium conWijfalsai small quantities 
of radium, (fonrfid' In the past ages^y the decajr of uranium atoms. 
Where the conditions hav<' bfeen J^uch that the*p?^dium produced 
has not rbeen lemi^vred Mechanically^ the radium content is always 
l/3,00j),000 of that of /:he uranium. 


^ ^Tochnology Akd UsLo 

Tfie '^hole oi’ the uranium compdiinds produced are bye-products 
of the (radium mdustry. The methods of workirfg up the American 
carnotito ^ and' the Australian complex ores have already been 
discussed ♦ in the sectmn on radium. The uranium is separatdd 
Vrom the solution of the ore in acid by precipitation with sodium 
carbonate, insoluble ‘s<yiium uranate being thrown down. i From 
‘ this precipitatfi, other uranium compounds can readily be pro- 
duced. For instance, the black oxide (UO 2 ) is made by fusion 
of sodium ^uranatp* with salt ^ and charcoal in an iroft pot. By 
dissolving the sodium uranate in acids, qranyi salts may be obtained. 
Wanyl nitrate is one of the best-known salts^of uranium. It yields 
•uranic oxide (UO 3 ) when gently igniteef ^ 

The chief use of uranium is at present*^, in the^ manufacture of 
yellow glass and glaze. For this purpose, sodium uranate is often^ 
employed. But the demands of the glass and ccra*mic industries 
do not provide sufficient u^e for the comparatively large amounts 
of lu’anium obtained in the radium industry.^ Great hopes have 
been based upon the extensive use of lu'anium in the steel industry. 
Much Vias been written concerning uranium Isteel,^ but the reports 
are somewhat; contradictory. Uranium steel was actually emplhyed 
during the war (mainly in Germany^. for the manufacture^ of large 
guns. It still feems doubtful whether uranium steel possesses 
any properties which cannot equally well be obtained by the use 
of special steelS containing dther metals, but 'iii, would appear at 
least to B^^apable of being used *is a g 8 od substituted for other 
a^foy steels. i The uranium is added to the steel as the alloy ferro- 
uraniuU, *made by h*e{iting the black ^ido of®uranium and oxide 
of iron w\t^i ^cartjon in* the ^electric furnace. Same difficulty was 
met with at firsrf- iA proddbiijg a ferro-uranium with a sufficiently ^ 
low carbon-content, but the manufreture of an alloy of iron and 
uranium' in nearly eqfUa\ proportions afld with a carbon content 
of lefis than 5 per cr^^tf hi.s now#been achieved in Amenca.^ 


C. •Pvs<5ns, J. Irui., En^. Vhem. 9 (19t7), 466. 


* E, Polushkin, Rev'. Met. 17 (1920), 42J ;* H. W. Gillet and E. L. Mock, 
Ind. Efig. Chem. J (19J^7),*342‘ E. RolJehkinJ Gam. Schol. Mem. 10 (1920), 

* R/ M. Keeney, Bull. Amer. In^. Min. Eng. 140 (1911i), 1321. 



URS^m^ 1^61 

’ * • 

Uranium carbide been tested m a c«.talysf for the product!^ 
of ammonia by dirigct combin,^tion of n^rogen rfildtiydrbgen under 
* pressure, and ^ long as th6 t^o ^astx. are q^uite*pure it is very 
efficient ; the carbide gradiJall|^ becomes cjfnverted'^o nitni^e, hwt 
this change actuafly rcmders^ji/ more efficient, «ince it is accompanied 
by “ crumbling ” and consequent increase of thfe active surface. 
However, the catalyst is very ^liable to “ poisomng ” if the gases 
used are ipipure, and is not usgdio practice at tWpresent^tiiije. 

Uranium has been used to a very small extent in photography. 
An ordinary bromide print, with a cold black ima§u consi^Vilg of 
ig.etallici silver, can be given a warm reddi|h colour by immersion 
in a solution of uranyl ferricyanide, or — whgbt is equivalent to it-— 
a sblution containing both uranyl nitrate and potassium ferri- 
cyanidfe. The silver reduces the uranyl •ferricyapide, and red-^ 
brown uranyl ferrocyanide — which is insoluble — is deposited where 
the silver \^as before. Tihe svjne solution is also^uled aSjin “ inten- 
sifier ” for the tl'eatment of thin negatives, the uranium ferro- 
cyanide image being more fipaque to actinic rays than the coiye- 
sponding silver image; , 

Sensitive printing papers containing uranium salts— which are 
decomposed when exposed to light — are easy to prepare, but are 
not used to any appreciable extent. 



GROW*VIIa 

Atomic Weight. 

manganese • f • • • • • . 54*93 

Element between molybdenum and ruthenium 

(perhaps? Ogawa’s nipponium), about . . 100 * 

Missing EJeraenl between tungsten and osmium, * 

about 188 

# 

# . • • * • 

Of the possible •elements of Group VII A, qnly cfric, manganese, is 

known with certainty. The gaps in the Periodic Table evidently 
represent two rather rare elements, an 4 there is little doubt that 
'these gaps will be filled. It is indeed quiic j)ossible that the lower 
element, which should fall between molyftflcnumt and ruthenium, 
may bo represented by a • new element which Oga^a ^ claims to 
have found in thoriaifite and molybdenite, and to which he has 
given the name Nipponium* This metal is said to resemble molyb- 
denum fairly closely, and exists in two states* of oxidation. The 
highei; oxide is analogous to M 0 O 3 , and has apidic properties, whilst 
the lower one has a basic character. The solution of the chlqride 
seems to be yellow-green in colour. The salts «ire precipitated by 
ammonia in presence o^f hmmoni^m chloride, the precipitate 
obtained being ^soluble in caustic alkali. The equivalent weight 
appears to be ^bout 50, which would suggest atomic weight of 
100 , and, 4 (liis would cause the clemeDt to ff^Unu^the plaje between 
molybdenu^ and ruthenium. ^ « • 

This^ description qf nip}X)nium, if ^pnfirmc^, would appear to 
fill the lower gfg). Auothqjr observer 2 had independently found 
evidence (Jftjmiew ejement^ thorianite, bii^^ had ascribed it to the 
tin grofip. The' properties atsignqd^to it, however, are generally* 
similar to those ascribed by Ogawa tf> ni]jponium,^nd it is probably 
the same element. ^ • • • t 

There remains tHe (JueStiop of the element between tungsten and 
osmju^.. This appeals to bd undiscovered, although a new element 
— to wl^^.h the nafne C^am^ium wp apjplied — was reported some 

• 1 rM. ad. Tokyo, 25 fl908), Arts. 1^, 16. 

« * C. de B. Evans, Trans, Oh^, Soc, 93 (1908), 
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years ago to nave^beeMounu xn n |jx«^iniuiiJOre ifi British Columbij.^ 
The propqfties d^cribed dififSr from* those bt fiippdnium, and 
resemble- Mith^Hrliose of the m^als*ot 'ihe pl^tinufn group. How- 
ever, the v^y existence of cemadium is, ejtrenibly .loubtiu^ other 
investigators having iailed^o find ft in.the<eame ore. , 

JVe are le^J, therefore, with* manganese as bcin^ the only o ‘ cer- 
tain” member of the group? ^ It will be toi^ejiient at this point, 
to call attention to the gener;^ ^rnilarity betwceif ^nangapeso and 
the metals of Grpiip VI A. As in that group, coloured compounds 
are common. The full valency of manganese ^ven) ^“bnly^ 
Jl^ached in one class of compounds, which, although smrprisin^y 
stable in the solid state, are powerful oxidising agents in solution^ 
classes of compounds corresponding to lower valencies, namely 
six, four, three and two, are known, the lat^r being/he most stable^ 
On the other hand, manganese has much in common with iron, 
which sta^jds on the oiher ptde of it in the t^ble. ?^ot only are 
many of the manganese compounds very similar t» the corresponding 
compounds of iron, but also*magnetism — one of the most remarkable 
features of iron — is m^t with in several materials containing man- 
ganese. Th« boride (MftB), phosphide (MnP) and two antimonides 
(MnSb and Mn^Sb) al’e distinctly magnetic, whilst certain alloys 
•containii|g n^nganese, copper and aluminium (or tin) have re- 
markable magnetic properties. 


^ A. Q. French, Ghem, News, 104 (1911), 283. 
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JVLANGAN*;SE 

• f 

Atomic weight 54-93 

ThctMeiJal 

P^rei manganese is a grey- white metal, capable of taking a good 
polish* ; it^ossesses a faint but distinct reddish tinge ; the presence 
^ of»carbon wonders it rather darker. When pure it is not hard enough 
tt) scratch glas^j, but the presence of carbt)n and silicon increases 
the hardness consider^^bjy, and most samples of manganese aotually 
scratch steel, •The melting-point of the pure metal is probably 
about 1,260°«C. ,Tt is quite volatile at temjXTatures a little above 
the melting* point. ^ ‘Tn this respect manganese prt'sents'a contrast 
to the highly refractory metals of th^ last group. The specific 
gravity is 7-4. 

• The finely divided metal oxidizes quiclkly when exposed to the 
air, and m¥.st be preserved under oil. The epmpact metal does not 
suffer any noticeable change, even when exposed to a damp atmo- 
sphere, becoming no 4pubt protected by an invisible o5^ide-film. 
Heating in air, however, cauifes rapid oxidation. 

No doubt on account of the obstructive natuis^e of the oxide-film, 
manganese reacts slowly with cold water, and much more rapidly 
with bailing water. If immersed in a dilute dJeid — even acetic acid 
— it evolves |jydrogen« very readily. * 

9 - 

Laboratory Prej^rtitioji.® It is pl>ssible to deposit mabganese 
electrolytically fiom a cool aqueous solution of manganous sulphate 
containing a trace of free acid.^ If too much acid is present, the 
current efficieiTcy is very low, praqtically^tdl current being 
employed liKthe production of h/drqgen. If too httle acid is 
piffeent, the deposit is^spongy, and contains much hydroxide. The 
current 'defisity must rather high,^ as to efepreSs ^he cathode 
potential t^^i^e value (abojit —1-1 volts ^ required foV the de- 
•position e#f the m^al. It is noteworthy that a considerable deposit 
of furry brown manganese dioxide i# often formed during electro- 
lysis orf the anode. 

Although the eledLroiytTc method of producing manganese is of 
considera^)le interest, the prpAuc^^ is darl| grey, powdery, and tends 
to cohtaiiYo*xide. H a merc^jry cath^dd is employed, a manganese 

^ G. van G#Maier, Trckns^ Amer. Ele^trochem. Soc. 33 

(1018), i09. ^ 



amalgam is obtaint^drv ofi disfiUing off JJ^e'nMsrcury’in vacuo 
about 250° C., the m^ganest^ k saift t^ be lef&beiiind us a fin^y 
divided pyroji^kqj'ic powder / 

However,^ where mangaties^ is requireci iff any »qua!ititv, (py 
methods of prep^atiqp are preferable. Ihe^etal clin, for instance, 
be prepared by reduction of the oxide with aluminium according 
to the “ thePmite reaction but the product obtained by this 
method ii^ually contains about / per cent. of*al 6 n£ijiiuDj, although 
the quantity can be reduced if Qie mixture employed for the\*eaction 
contains excess ot manganese oxide. Rcductioi>, with ^|trbon 
yields a metal containing an appreciable^ quantity of ^he latter 
element. A purer product is said to be obtained by reducing tie 
dicTxide in hydrogen under higli pressure (150 atmospheres) al 
2,500°*C., but naturally special apparatus *is required for this 
method . 2 

Compounds 

The compounds of manganese correspond to the five oxides, 
MnO, MnaOa, MnOa, MnC^a, and Mn. 207 . The first two oxides are 
basic, the last two acidic in character, whilst the middle oxidd 
(MnO 2 ) has both feeble acidic and feeble basic propertfes. There 
• is another intermediate oxide, Mn 304 . 

Compounds of Divalent Manganese (Manganous Com- 
pounds). 

The oxide, MnO, js formed when any of the higher oxides are 
gnj^ed in hydrogen. It is pale green in the anhydrous condition. 
The corresponding hydroxide, Mn(OH) 2 , is* formed ^hen a man- 
ganous Salt solution is made^?ilkaline*^yth tai^stic soda ; it comes 
do^vn as a white precipitate, but quickly becomes brown when 
exposed to the air. owing to the formation of the higher hydroxides. 

The giangan^ub are Jorme3 by the actiorf of tjie appro- 

priate acids* upon mangQjUesT.; or manganous hy(j??)xide. The 
solutions, and in many ca,^s the solid salts, have tl pink cololtr. 
It is, howevod, ’noteworthy »^at the jnteij^ty of the jRnk* colour 

* of a given* salt often varies consideral^ in different ^•^mples, some 

* having a very noticeable rosodipe, \\4iil8t other sa’Jnples of the same ' 
salt may appean* cojourless. ^ The more ^]jt§nscly coloured pre- 
parations* j^obabjy pwe tlieir .abnormal coloiy to a, trace df man- 
ganic salt. It has been suggesteiJ that JmiFe fhanganous salts are 
really colourlesis ,* but it i% more \ikety,that^even pufe n^pnganous 
salts possess a faint pink tirft^^hd that^the^appdrently “'cqlourfess ” 

' Guntz, Bull, Soc. Chim. ^ y892), 275. * . 

* E. Newbery And J. N. Priug, Proc. Roy. Soc. 92^ {A] (19^ 6), 277\ 
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samples, which haie be^yi despribeti frofa tmei time, contained 
' a ‘trace of inick#! the ^een c#l^ur. of me nickel masking the 

pink colour of the manganQus fealt/ * * ^ ' 

‘ ^he splphafe, Mifeo,.rHjO, sep%ra1fes in pink crystals from the 
solution of the taetal oy the^hydroxide in sulpJlu^i(^acid*whail cooled 
belo^ 6° C. Other hydrates with ^3,^4 and 5 'molecules, of water 
^ are Imown ; the pentai|hydrate, fon instance, is usually obtained 
wheij the, crystanization is c^|>ducted between 7° apd 20° C. 

* The nitrate, Mn(N 03 ) 2 . 6 H 20 , is* hygroscopic. The chloride, 
^obtained from a solution of the hydroxide in hydro- 
chloric a(jid. When hpated in air it evolves chlorine, to some 
. eitent, a A oxide bein^ produced. The anhydrous salt, however, 
?an be obtained by heating the hydrated chloride in a current of 
hydrogen chloride. * • • 

Manganous salts have reducing properties, especially in the 
presence of*alkaJii. Manganous sulpfiate,, f or instance^ added to 
ammoniaca^ silver#nitrate causes a precipitate of itfetallic silver.^ 

The insoluble manganous salts are •obtained by precipitation. 
Of* these the carbonate is a white precipitate, turning brown, 
through Qxidation, when exposed to tlvi air. Tha phosphate 
is a pink precipitate. . . 

Manganous sulphide, MnS, is obtained when an ammoniacal* 
solution of a manganews salt is treated with ammonium* sulphide 
in the presence of ammoniifm chloride. It usually comes down as 
a pink precipitate, but under certain conditionsi this slowly changes 
to a green form of the sulphide. The velocity ^of the change depends 
on the concentration of manganous salt and ammonia present. ^ 
The conversif>n seemi to proceed best in the presence of rather 
concentrated and |di.ftinctlj ammWiiacal solutions. The pink 
form is also contorted to the green form when heated in a current 
of carbon dioxide or hydrogen sulphide at ab^it 320° C. 

Com^ot^nds of Tri valent Mhn^an^e (Mangaific Com- 
•* pounds k 

• % « 

Mangahic oxide, HugO;^, is fornwd when m^n*gapese dioxide 
or mangai¥)jii^ nifrate, carbgnate, or oxalati^ is ignited irf air below , 
•940°C. ;• it is tften obtained^as ^ <*rown powder. If the t*em- * 
perature rwes abov^ C., furth^- oxygen is evolved, and the 
oxide, Mn 304 , as left^ Tke hydroxide is projju(^d b>t'he hydro- 
^ lysis iDf the corresponding sulphAte, and is a brown precipitate ; it 

^ y. Maeri| Boll. Chitn.,Farm ^ (J919), 20t ; Abstract, !/. Ohem. Soc. 116 
(1919),?!. iOt. • V* 

, * V. ‘M.tFiacher, J. Russ.^Phys. Ch^fn 'Soc. 46 (1914), 1481 (Abstract, J, 
Ohem. S(/)c. J08j(l915)^ii.'l42), describes in dgtafl the conditions •which should 
be obsirved to obtain the green form. • 
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can also be prepare J^hrough tKty oxidization of a solution of man- 
ganous chlpride cojitaming ajitoonia ^d amiA<)nium Chloride fcy 
bubbling air fti^ugh the Uquij^.i ®I1:3 formula * MnO^OH) has 
been assigned to the hydrc&ide, but in\hp pre^ipitJ^ted ^orm tie 
water-content is"” naturally ^omewlmt i^ariahle. 

JIanganic oxide* has weak phasic properties, bUt the salj^ are 
iinstablf , tending on the one«h&,nd to hydrolyze,^ and, on the other 
band, to become reduced to mar^^nous derivatlv6v^ The oxj^^ — 
as commonly proc^uced — dissolves only slowly in sulphuric acid. 
The sulphate, Mn2(S04)3, is more conveniently?* produi?e^ bj^ 
t^eatingothe dioxide •(MnO 2) with sulphuj’ic acid, oxygen being 
evolved. The product is separated from excess of sulphuric acid 
on a porous tile, and may be washed with nitric acid? The sulphate 
is a green solid, yielding a violet solution, Vhich, Ij^owever, readily 
suffers hydrolysis, yielding the brown precipitate, MnO (OH)/ 
mentioned, above. Certain ilouble salts, notably the^csesium and 
rubidium alums ^e.g. Cs.,S04.Mn 2(804) 3.24H20),'>which‘have fairly 
low solubilities, can be prepared in a pure state ; they form pink- 
red octahedra. , 

The question of the «existence of the corresponding chloride,’ 
MnCls, is discussed kter. 

^C. Compounds of Tetravalent Mangartese. 

^ When manganous carbonate is heated in air at a comparatively 
low temperature ( 250 ° C.), it loses carbon dioxide and takes up 
c»xygon, the black diOxide, MnO 2, being formed. The samO oxide 
is produced in a brown hydrated form when^manganqus hydroxide 
is treated with ffti oxidizing, agent, ,,sucb jis cldorine or sodium 
hypochlorite; Again a hydrated form ot the dioxide is precipitated 
on the anode when a hot solution of manganous sulphate is elec- 
trolysed. 

The cti< 9 xide enters ftfadily ’into the state of colloj^ai’ solution. 
Colloidal solutions are uiidtS* certain (Hjnditions prodi^ped when ibe 
dioxide is obtainei/ throu^^the oxidation^ of a manganous salt 
solution, bu^ are more convemently pfeimred by ^he redaction of a 

permanganate. Thus fairly ^iute potassium permanganate 

when treated at j 90 fl00° C. with concentratyl ammonia^ fields ‘a 
coffee- brown “ sol ” of manganese^ dipxiSe,*^ although if a ccficen- 
trated solution^ df the peimai^anatd ifl employed the dioyide is 
thrown down as a brown prs^pitate.J ^ ^ * 

^ J. Meyer and R. Nerlt6h,oZei^scA. Artorg. 1*16 (I 92 I 3 ), li7. 

« E. J. Cuy, If. Phya. Chem. 26 (lOJl). 416. 
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..When solutions eonts^ijiing ^ompbundS of^tajent and heptava- 
' lent mangft-nesti- far instaijce ‘manganese ^phate and potassium 
^ permanganate, are mixed tpgefher^imthe pre8enct}^0#an*electrpl3rte, 
sijph as pdtassvim nitS-ate, 4 inc sulpl^te^ or copper sulphate, a brown 
precipitate is obtained,; tips precipitate conJainsHelraval^nt man- 
gane^, and may be regarded as Jiydrated manganese, dioxide, 
, although it usually contains potaijium, zinc or copper. The 
reaction can ejcpressed, ^ ^ ^ 

3 MnO + Mn207 = 5Mn02. 

The* precipitaf)! obtained in the presence of copper sulphate has 
l^en descj-ibed as “ copper manganite.” It' seems probable th^t 
’ jt is merely an adsorption product. The function of the electrolyte 
appears to be to bring about the flocculation of the colloidal solution 
/)f manganese dioxide, which is the first product.^ * 

The basic^ properties of manganese dioxide are somewhat feebly 
developed.^ When cheated, for instance* with sulpburic acid, 
manganese dioxidb evolves oxygen and pasces into solution, man- 
gapic sulphate (Mn 2(864) 3) being formM. Brown solutions of the 
^disulphate, Mn (864)2, however, be obtained by the anodic 

oxidation yf manganous sulphate in the presence of sulphuric acid ; 
the disulphate is very soluble, and difRculf 'co is(5late in the solid 
state.2 , ^ • 

In cold hydrochloric *acid the dioxide dissolves with the evolution 
of some chlorine, A brown solution is obtained, which probably 
contains a certain amount of undccomposed tbtrachloride, ]y[iiCl4, 
but would seem to contain chiefly the trichloride (manganic 
chloride), MnCla. WJien the solution is heated, more chloriije is 
evolved, ancf on evaporation manganous chloride (MnClj) is the 
only solid chloride Obtained. If, however, instead of being evapo- 
rated, the solution is cooled in a freezing- mixture, saturated with 
hydrogen chloride and treated with potassium ^loride, a dark-red 
double sait^nCl3.2KCl.H26, is ob^ined iM,the solid st^c. Deri- 
vg^ives of nie tetrachloride must be* obtained in dnother way. 
When po\^dered pota^^sium permanganate (ICVIP64 or K26.Mn267) 
is dissolved in ‘iglacikl ” acetic acifl^ reduction<^occucs, a brown 
solution c6ift&ining •derivatives of trivalenl^ and tetra valent n^an- 
ganese teing obtained. Wh 4 i hydri 5 gen chloride is passed into 
this sohition, the unift^le double chlVide^ Mn/I)l4.2KCl, js, produced 
as an almost blacky arj^stjllline precipitate.^ r ^ 

.6rfe of the most easily produced salts of tetravalent manganese 
is the*deiibfe iodata, Mn(f63)4.2KI(>3 or Kg [M (16 3)0], which 

f * P.«‘B.'l^arka 5 and Ni-R.^Dhar, Zeiisck' AnSrg. Chem. 121 (1921), 135. 

* M.tSenj, Zfitach. Elekhochenh 21 (1916)^4^6. 

• R#J. Meyer and tt. Best, Zeits^. Anorg, Chem. 22 (1S99), 169. 



is produced as a# e 1browi-yM<^et fj!l «v’(fer*when mangane^ 
dioxide is Jreated wiifi a hof '^'solufeo^ of iodid ^id Jontaining-^ 
potassium iodafe.^* Its compdratjfi^o Aat'lity no dbubt cj)nnected 
with the fac^that it is conf^rr tively in^yljJFble. • ^ •* 

The acJidic chafacteij of rjfjenganese djpxide is more pronounced, 
thap the basic character, but ^J p manganites, as the salts fc^ned 
with bases are fermed, are most^ insoluble. *Tho brown precipitates 
formed when hot solutions of 5c ?pium permaifgaiyite i^an- 
. ganous sulphate are mixed in the presence of a salt of a heavy 
metal have been described as “ manganites,” but^K is dcAbtful^ 
wjiether»they represent definite compound# ; they are probably 
adsorption products. More characteristic mg,nganites are obtained 
fron! the manganates (the derivatives of the higher ^xide, MnOa), 
which are comparatively unstable except ‘in alkaline solution. 
When a stream of carbon dioxide is passed through a solution of 
potassium r^anganate, th« marganate decompose^ ahd a ‘j)otassium 
manganite> K^lVftisOii, or KgO.SMnOg, appears «as a yellow pre- 
cipitate. Manganites a,re also formed by oxidation from the lower 
oxide. When hydrated, m^yiganous oxide is oxidized by air in the 
jH’esence of calcium hydroxide, or is treated with bleaching powder 
containing excesa of Ikne, calcium manganite is produced. 

• 

£). Compounds of Hexavalent Manganese. 

• 

I Derivatives of manganese trioxido (MnOj), known as the man- 
ganates, are formed when manganese dioxide is fused with a caustic 
alkali under oxidizing Conditions, or in the presence of an oxidizing 
agenf. For instance, if manganese dioxide is mixed wi^]ti potassium 
hydroxide and pofeissium nitrate, and the jnixture is heated to 
fusion, a green mass is obtained. This yields a greejii solution, from 
which the green salt, potassium manganate, ;Mn04, can be 
isolated by cryste Uir'-ation. The manganates of tK^tfilkali metals 
are, howe\or, rather (h'Acult io prepare pure, being* extremely 
soluble. They are powerful* oxidizing agents. i •• 

The manganates fe.g. correspoi^*^ in formula to the 

sulphates (e.g. K2SO4), and it is not st^rismg to^d |l^at potas- 
kum manganate is isomorpbfjus wi^h^^otassi&n^ sulphate, and, 
according to some authorities* •sodium mcaiganate witt sodium 
sulphate.^ -The 'solubflity •relations of tl\p fefts are alsd father 

G. Gentele, (Jhem, (lUOii, OS, claimea to nave isolated 

sodium manganate, Na2MnO4.10l5jO„in orystalb isoimonphous Gibber’s 
salt, NajSO4.10H2O. But R. Funk,^er. 3^^1900), 3^6, suggestsilhat the 
crystals obtained by Gentele iRjtually 0 / (Jlfiibei’s nalt, vpfth*8ome« 

included manganate solution. * Fiink failed isofato tfie maiigamatc* from 
the solution. * 

M.C. — VOL n. 
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similar, th6 mangankt^s of ti^e alkalint;-earf/h»i:i^etals being nearly 

liisoluble.^* ( ^ ^ 

Solutions ofithe mangaj^atfes a%e fairly stable iiv^he presence of 
free alka^ii, bijt become unstable ii^aciiificd, a permanganate being 
^rodiiced, together with Inanganese dioxide or a ma'nganite. Even 
carbon dioxidor-as has been stated “above-can bring ^bout this 
change, the green colo^ of the sofl^^ion changing to deep red fdue 
to the p^mangaliiaie), whilst brown or yellow precipitate (the 
dioxide j appears. 

Sinte, thejcefore, the manganates are decomposed so readily 
by acids the preparation of the free oxide (MnO*) is cl^^rly one 
Of some' difficulty. ll is commonly described as being present 
''in the pink fume evolved, along with much carbon dioxide, when a 
solution of potassium permanganate in concentrated sulphuric acid 
‘' is dropped on 1}0 dry sodium carbonate. But an investigation into 
the subjeefc^ has indicated that the go-ca]led “trioxide” obtained 
by this ntethod is really an impure hydrated j; arinariganic acid.^ 

The trioxidc must therefore be regarded as being unknown. 

#' 

Compounds of Hepta valent Mang^anese. 

It has been stated that the manganates al\; stable in the presence 
of alkalis, but that when treated with acids they tend to pass into 
the permanganates', derivatives of the heptoxide, Mn 207 , the 
dioxide (or a derivative) being formed at the same time. This 
change Can be expressed thus : — ' , 

^ 3Mn03 == MngOy -f Mn^^. 

When, howe^'er, an 6xidizing agent as well as an acid is added to 
the manganate so|uti.3n, the mangbuese is converted completely 
to the heptavakmt condition without any precipitation of dioxide 
or manganite. Permanganates are also formed by the oxidation 
of a manganous salt by lekd peroxide in presence of free nitric 
acid an<J a^salt of an alkali-metal. The permangana^ces can be 
jflbduced fran metallic manganese by jelectrolysis of caustic alkalis 
using the' manganese as anode ; if tj^e cathode*' is of platinum, and 
a little ca^cu^m fiydroxide i§ added to the solution, a film is formed 
over tho cathode, and this fi^m presents the cathodic destruetioit 
of the permanganate produced at Ihe anode . 2 ^ ^ 

The^ deep purple-red solution of^ a j^erm&ng^^nate JjlCposits the 
solid salt when coatientlated »nd cooled, ^'otassium perman- 
ganate, KIiJn 04 , forms long rhombic prismsy ivery dark and 
possessing an almost ‘metallic lustfe,; 'its solubility is only about 

, ^ V. ’ 

^ F. Jl. Laiilwhe&r, ML^ch. 4.^orgr. Chem, 83 (1913), 97. 

» Henke and^'O W. Brown, J, Phyh, Chem. 24 (1^20), 608. 
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4 per cent, at 15° it^jan ^ily ,be obt^iiflec* in a pure state by 

crystallization. * • ^ ^ 

• All aolutK)n^of*permangaiiat«s ate powerful oxidizing agents. 
They convert ferrous salts to^errjc and reMily (fes^roy man^organfc 
substances, oxidizing tj^em to carbon.diojcidJ^ Wheft the oxi3ation 
occurs in^^he presence of acid-’, permanganates beeome reduced to 
manganous safts ; in neutraV*!»r alkaline solutions, on the other 
hand, manganese dioxide is prod: ojd, which iffeelf possesses a slow 
oxidizing power. Several of tlie reactions are catalytically aided 
by the presence of lower manganese compounds, ^for inflj^ance, 
in a waijn acidified solution, permanganate^oxidizes oxal^p acid t 6 
carbon dioxide. At ordinary temperatures J}he reaction “does not 
start of its own accord, but can be brought about, wiirfiout warming,* 
if a manganous salt is added to the solution.® Of course, when once 
started, the reaction jiroceeds more quickly, since manganous salts* 
are actually formed in jbhe change. In other cuses, manganese 
dioxide has* been Inoticed to cause a catalytic a^:olerafion to the 
oxidizing actipn of pcHnanganate. 

The oxide, Mn 207 , fT’om which the permanganates are deriveTl, 
can be prepared by adding pure potassium permanganaje to sul- ' 
phuric acid (diluted uptil it has the composition, H 2 SO 4 HgO), 
4 nd heatmg the green liquid to 60-70° 0. A violet vapour arises 
and may l5e condensed in a wcdl-cooled receiver, a heavy dark-green 
liquid being obtained. The oxide decomposes when heated above 
70° C.j often with explosive violence. It dissolves in water, forming 
a purple liquid which no doubt contains permanganic acid. Tlie 
heptoxidc is a very powerful oxidizer ; and a violent explosion 
occurs if it comes ip to contact with organic nftitter suoii as alcohol, 
ether or* even paper. The -^xirrespoftijing •‘p^manganic acid, 
HMn 04 , is more stable. The solution is easily prockiced by adding 
sulphuric acid to a solution of barium permanganate, and filtering 
off the barium sulphate. ^ When the solution, which has the colour 
of the permanganates, Is al|owld to evaporate in aiy ^ violet-blue 
crystals of permanganic ac^d, always mixed with irown low^ 
oxides, are obttxinea.^ , • * * 

. , Manganese’ licpt^ide^s fairly soluble in conocntrajj^tsulphuric 
5,cid, a green liquid being oHained twlSich turns* to the Samiliar 
violet-red colour of j)ermaneani#acid when dik^d. It is*suggested 
that the gre^p iiqujd may contt^n a basic gulphate, op the aifcump- 
tiop that the oxide, MnaOy, has feeWe basic properties. The basic 
sulphate has not been isolajed, but a 4:4sic chloride^ MnOjOl, is 
obtained by adding absolutely ^dry ar^um chtoride to 'tjie •green 
solution of potassium p^mangaftate in ^iggicentrated sulphuric® 
' M M.*P. Muir, fTran^. OAem. Soc, 91 (19C3), 148S. 
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md. The basic e»hlor^e disiiils a^ay a*8 a yreeijish vapour, which, 
d led thrf>ugh(a surrpurlded by a fre&in^ mixture, condenses 
bo a green-brown liquid, an unpleasant 6hl^fine-like odour. ‘ 
tf. is ati once* hy(kdiy»3d*‘by watei;. hydrochloric and permanganic 
stcids* being pfcduce^ * ' 

f 

F. fntermediate Oxide of Mait^^nese. 

The oxide, ,MiV 3 (y 4 , interme^^\te between MnO and, MogOg, is 
formed’* when either of the other oxides is heated in air above 
or iq^^xygen above 1,090° C. (the pressure is assumed to be 
760 mm,). It is a re[ldish-brown substano?. No derivatives are 
[tnown. ' When treated with cold concentrated sulphuric acid it 
yields a mixture of manganous and manganic sulphates, and‘niay 
thus be looked upon m a manganous-manganic oxide, MnCXMnaOg. 
On the other hand, hot dilute sulphuric acid only partially dissolves 
it, mangant)us sulphate being prodw^ed, ^vhile the dioxide (MnO 2 ) 
is left beMnd ; this would suggest the forpiula iMnO.MnOg. The 
red oxide of manganese is by no means'^the ofily inorganic compound 
ivnich behaves as though it possessed twt> distinct constitutions. 

‘ Analytical 

The wide range of colour found among the manganese compounds 
suggests numerous tests for the metal. Manganous compounds 
are oxidized to the green'* manganate when fused with potassium 
nitrate ; the green solution obtained on dissolving the mass in 
water becomes deep purple-red on being acidified, a permanganate 
being formed. Quite small traces of manganese in other l^odies 
can be deterted by boiling with nitric acid aiuj lead peroxide, the 
pink colour of a pqT-irMiigt^nfcte bein^observed in this casd' after the 
excess of lead peroxide has settled to the bottom. The perman- 
ganates evolve oxygen when treated with hydrogen peroxide in 
acid solution^ Tbecoming reduced to manganous salts. , 

The maf^anous salts give a ^h^te precipitate ' vith sodium 
Hydroxide, which darkens when exposed to the air ; they yield 
a flesh-coJoured precipitate mth amwnium sufp^id'e i^ the presence 
of ammoFhj(« A trace of manganese salt {>i8ed‘in a bolrax beacHn, 
the oxidizing flame imparts <an amethyst colour to the bead; the 
colour being proba^bly^due to marfganic borate^ ^ In the r^ucing 
flame ‘ the cojour dis’appears, manganous berate being no doubt 
formed. r» » 

Mc^jUganesp is not precipitated from an acidified solution by 
sulphfir^tted hydrhgen^ a^d thus^aU the metals (like lead and 
•mercur^) which* are IprecipitatecNunder Jheso circumstances can be 
sepa;^te(l ftom it Under’ ordinary* circumstances, manganese is 
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not precipitated by aW 'onia in t^e presence V)f aipmoniun^chloridf^; 
^ but if other#metals ^re presftnt*%hose h^droxide'fe^aA thjjbwn down* 
under thdse contritions, for ingjbance, ferric «r^ron, chroiniuin qy 
aluminium, tte .precipitate w'lill tarry dowij.'^th if a q^rtainfiiajiouftt 
of manganese. IVtoreorer ifjrfiir has ’access to the solution, highei^ 
oxides of*mar^ane^e — which a^i less soluble- — wiirbe precipikited 
to some extent. Consequent?^, the sepaiutiqn^of iron and the 
other metals from manganese \y utimonia is neve‘riComJ)l<jte, tind 
the* precipitate mu^t bo redissolved in acid and the metals pre- 
cipitated with ammonia a second time. The two filti^tes are^aiied 
together* and should— if proper precautions have beenjtaken-^ 
contain nearly all the manganese, free front iron, chromium and, 
aluminium. . * 

Much work has been devoted to finding a mo^e satisfactory 
method of separation based upon the use of some precipitant, which, 
being less stjongly^alkalii^ than ammonia, will bejess likejy to allow 
of the precipitation of manganese hydroxide. If irfn and aluminium 
only are to b<? separated from manganese, they may be precipitatod 
as basic acetates. Suffioieiab sodium carbonate must first be added 
to give a slight opalescence (so as to ensure the neutralization of any 
free acid present and •the alight precipitate is afterwards dissolved 
^th a drc^ of hydrochloric acid. Excess of sodium acetate is then 
added, and the solution is boiled. All the irfm and aluminium are 
precipitated, whilst practically all the manganese remains in the 
solutioq, although, even here, most analysts, for accurate work, 
prefer to repeat the precipitation.^ • 

If Jbhe solution contains no sulphate, the jron, chromium and 
aluminium may bo# removed by a suspension of bariu?!i carbonate 
to a neutral or faintly acid solution ; •iron, (4iromium and alu- 
minium come down as hydroxides, but the manganese remains 
in solution. The or'^ration must bo conducted at# ordinary tem- 
peraturesf requires*^s»me haiirs, frequent shaking beir^ advis- 
able. The niethod is said 4o be more reliable thaii^he aceta^g 
method when aluminium is Pj be separated frck^i manganese.. 

Having r^n oved^ron, alumfftbm ancUchromium,^'e next proceed 
' to remove zinc, nickel aflid. cobalt. The^lWsual method s'^paration 
of these metals depends on tde •different conditions of formation 
of the re ap^pjbive •sulpirides/ In the presencei^o^ ammonia .alj four 

^.See, however. A, Mittasoh, Zeitsch.^ Af^\ ~Chtm.^42 (1903), 492f for 
particulars of a siugfe-precipitaj^on method# ^ . 

* For details see F. P. Treadwell,* Ahalytfcal Cfiemistry • trknalation 
by W. T. Hall (Chapman & H£|J1) Sc^tt, “ Standard ]Vl^h(jds of 

Chemical Analysis ” (Crosby, l/)ckwoodf^. The din^rait 8a{)a^tion processes* 
are conveniently br^jught togetner*by A. Riidfeiile, ^NaJhweissf BeStinf^ung 
und Trennung der ohemischen, ^emente i’ (Haupt). • 
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?vlphides '(ire precipitairjd by hydrogen suljj^bidef Zinc sulphide — 
the most^ insoiYime of tlfo be prepipi^-ated from a 

3pld solu"/ion contaj^iing flee aceffic acid (or ev^n a trace of free 
sifiphv.rlo aci<S} ; “if tfie* filtrate ic, tlien treate^d with excess of 
immonium acetate — which serves to »/reduct the hydrion concen- 
bration — nickel and cobalt sulphidi*C) may also be jjreci|fitatedcby 
hydrogen sulphide t (a^j 70-80° C.):* Manganese, however, still 
remdns fh sortition in either owing to the confparatively 

?reat solubility of manganese sulphide. It can afterwards 
be \)!e<:;ipitatditi as sulphide from a solution containing excess of 
jmmonia,^ < “ ‘ < 

The sulphide can be ignited in air and thus converted to^the 
3xide Mn 304 , which, can then be weighed. If, however, a large 
:][uantity of sulphide is present, the conversion to oxide by heating 
presents difficulty, and it is better to redissolve the precipitate 
in acid, ai^i to reprecipitate the raettil as’^carbon^atc, which readily 
y^ields the oxide ‘Mn 304 on ignition. The dual ignition must bo 
3Qnducted in a porcelain crucible entirely surrounded* by the flame 
3f a Teclu burner. Otherwise the i»3sidue may contain more 
oxygen t{ian corresponds to the formula^ MnyOi. 

On account of the possibility of variat'ibn in’ the composition 
of the oxide, some authorities prefer to treat the residue with sul- 
phuric acid, excess of “which is cautiously driven off by placing the 
crucible inside a larger crucible, which is then heated to redness ; 
the product is cooled in a desiccator and weighed as the anhydrous 
3ulphp.te, MnS 04 .^ • 

The methods of separation given above are somewhat trorable- 
3ome, and quicker methods are needed for technical analysis. If 
manganese is present in iw:utral solution as a manganous salt, free 
from other oxiSizablc substance, the amount can be determined 
roughly by titration with pptassium permang^anate in presence of 
zinc suiphatc. Under these circj^imstaRQ^s, manganese dioxide 
flyinOg), or ^manganite, is precipitated, and by observing how much 
permanganate musi be added befor^' the appearance of a pink 
colour shows it to be' present in exdl^ss, the an\f.unt af, manganous 
salt pres^'nVoan be calcuk^cd. ‘ 

For estimating the amount^of n>an^anese in steel, a rapid method 
is often, used, whidi,»may shortly %e (k^scrilied.* 'The steel’ is dis- 
solved in sulphuric txcidj and boiled with ni1cic*‘acid atid lead per- 
oxide (free from mkngancse/, which oxidizes the manganese' to 
penn^.ngani(5 acid.^ The excess of ,lea^ peroxide is filtered off, and 
the penfianganate detefmij*ed by I'tration with hydrogen peroxide 
whict ^prei^ijuSji been standaydiied against permanganate 
' F. A. Gooch ai!*d M. Austii^ Zeitech. ^Aporg. Chem^ 17 (1898), 264. 
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of known strength. ^ variation of .the p^;(jce'fe 8 depends on the uso 
of potassiu^p bismuthafb ineteg-fl of IhacJ peroxi&t ;tthe feismuthatg^ 
gives .more cer^aig results, arid can b 8 o^t^ined^moriJcasii^^free from 
manganese. , 

Manganese, lil^e lead and {nalliunf, bi|t uidikc most other metals, 
cap be deposited by electrolyai.i^on the aiiode, as an oxide. Advan- 
tage may betaken of this fitSt in the estimation of manganese. 

If a hot ioliition of the mangjMiQyi^ salt, contaiiflng^soduim ac^etate 
and chrome alum, is electrolysed for 25 minutes, a roughenecf 
platinum dish being used as anode, and a rotatinggfjerforal^cLdiso 
l^eing employed as ca/fchode (the reversal oL/he usual arr^gement% 
the manganese is completely thrown down^as a hydrated dioxicfh. . 
A fairly high current density is needed so as to make the anodfb 
potential sufficiently positives After the electrolysis, the dish is 
dried and then strongly ignited. The manganese dioxide (MnOa^ 
is thus coy verted to M#i304,>the colour changing* fro\ii deep sepia 
to reddish -browil. Wiien tlu^ deoxidation, whi^ is rafher slow, is 
complete, the dish •is wdghed. The process is, however, not 
comirietely satisfactory, ajid it is difhcult to ensure that the ojRde 
weighed has*the exact composition Mn304. 

The function *of tlKf chrome alum in the anodic prcc^itation or 
' manganese is of interest. If it be omitted the coating of peroxide 
is apt to be brittle. Apparently, the chromt! alum serves to restrain 
the evolution of oxygen in bubbles, wliich would cause unsuitable 
physical qualities hi the peroxide deposit. In the place of the 
evolution of oxygen ^gas, the chromium salt becomes oxidized to 
chiymic acid. Other oxidizable substances— such as alcohol — 
can be used instq^d of chromt alum. 

Since most other metals af5 not eaft^ def>o^ted upon the anode, 
it might be thought that electrolysis would provide a means of 
readily separating manganese from other metals, e.g. iron. kSuch 
a separation is possibh*,^3ut is not quite exact, since \fhen manganese 
dioxide is ^irecipitated aiyrxlif^ally in the presence aA iron, small 
amounts of ferric^ hydro^de arc liable to come Sown witlf*it. 
Ammoniunj n*cetate and formic acid are gKAcTed^to a sdlution con- 
Taining iron ana m.-^iganese as suV/hates, ^ and JJiet solution is 
electrolysed at ordinary teRip^ratiH'c for 5 hoiirts without stirring.*# 
ThemiMiganesc Js deposited ^ dioxide on*^hq anode, »nd is after- 
wards ignited and^weigted ps Mn 304 . • The iron.is deposited as 
metal on the cathode, but, since it klil^lybic^contain -carbon, it is 
best not to weigh it diredtly, but t(f ciissolye it onc^ mo/e yn acid, 
and determine it volumetriq^Uy.^ 

^ C Engels, Zeitsch. jSlel^ochem, 2 ^1^90)^413 : ^ (1897)^ 28|^. 

G. P. Scf!oll,*J. Amer. Chem. Soc. 25 (1903)/l054. * 
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, ./TebSeSTBUL QpOXjpBBEdE 

% The . mpnganese of the ^‘ori^nai rock magma,, has crystSallized 
out in^ay parta^of the rtjpp, but matnl^ in the cojnparatively basic 
portions. Thus many anflysl-s of gi^bbroff ana diabases show 
0T-0(^ per cent, of manganese, -vjfhilst those of gpanitd usually 
f show quantities below 0-f)5 per cent. ' ftn either case, the manganese 
does^ot occur, 'x'of the most par^ i,n special manganese ‘minerals, 

* out ten^ partially to replace other metals in common minerfids, 
of whvS^h it ia-^'jiot an essential constituent. For instance, many 
samples hornblende < contain 0*5-1 -0 per *cent. of marfganese, 

» afthough others contagi only a trace ; the manganese atoms — 
where they occilr — probably replace a similar number of magnesium 
or calcium atoi^s, pla 3 dng the same part in the crystal structure. 
In garnet, again, manganese often partially replaces iron, and in 
some varietfes displaces it altogether. iVi addi|iion, manganese 
is often present kn the thermal waters that arise from igneous 
masses. 

'(Vhen rocks containing manganese «MndN3rgo weathering, the 
manganese, readily passes into solution ; ' the dissolution occurs 
' most easily in the presence of acids such as ‘cUrbon dioxide or sul- 
phuric acid (the latter derived from the oxidation of .pyrites), ’ 
manganous bicarbonate^ or sulphate being then produced. If, 
subsequently, through contact with basic substances like limestone, 
or through other causes, the water carrying manganese ceases to be 
acid, tljp manganese will generally be precipitated as carbonate or 
hydroxide, which may^ afterwards become dehydrated, yielding 
the oxide. Thus we get the minerals, « 

Rhqdochrosite ... MnCOs 
Pyrochroite . . . Mn(0H)2 

and Madganosite * , . . dVfnO 

Alk^f these ydnerals are liable to su'osequent change through 
oxidation. . Rhodochrtj^ite is also fouj}^ in vci^s, alon^ with the 
' ores of other metals, having bben deposited from ffscendmg therma# 
^?vaters. ^ 

Far the n^ore common, factor, how?if"er, in causing the precipita- 
tion of manganese from* solution is the piesedee pf ox^Jg^n. The 
higher^oxides of may^apese are Jess basic than manganous oxide, 
and the effect of dissolved o%gen in tl^e water will be to throw 
down oVe' of the highfer hydrpxide^L Here, again, the minerals 
wijl often^^ose yyater dini^ig Subsequent ages. Thus we get such 
minerak as^ 



Mn*,0,.^,0 
Mn^4 
MnCTa 

Of these pyrolusite is the ifibst importaift ora of manganese. 

• • '’n * • • 

^ince the manganese is usually precipitated fainy rapidly frorfT 

the solution, it is natural to find that the minerals a^in map.jr ^ases 
earthy,# brown, amonphous substances. Ip other cases,, however, 
firm masses are met with ; braunite and l^ausmannite form cofii-. 
pafatively hard crystalline aggregates of a darl» brown coloifp 
and sub-metallic lustre. Pyrolusite is softe^, and is black, with 
metallic lustre, crystallizing in the rhombic system*; polianite, the 
other form of the dioxide, is tetragonal, isomorphoift with rutile 
(TiOa) anfi casslkerite^ (SnOg). 

Very favourable cmiditiens for the precipitation of manganese 
occur in bogs and shallow lakes. Where waters rising in Hills 
composed of jgneous roots containing manganese, pass inl^o a swamp 
or lake, and reijiain ^agnant or only slowly moving, the oxygen 
ihas plenty of time to diffuse into the shallow layers of water, and 
higher hydroxides will be formed, perhaps at first as a colloidal 
solution, but finally as a precipitate which will sink to the bottom 
of the lake or poola. In this way earthy “ wad ” or “ bog-ore ” is 
produced. ^ 

It is, however, necessary to point out that iron is leached out 
from rocks by wca-thering under exactly tfie samo«conditions as 
mangarlfese, and is also Habit •to be dhpositvKl ;^as ferric hydroxide) 
through the action of dissolved oxygen. The • manganese ores 
referred to above almost always contain some iron ; but fortunately 
the precipitation of mos^ of the iron occurs — as a general rule — prior 
to the prec'jpitation ot mangaViese, and a considerable separation 
of the two elements takes j^ace. It is, however, obvifus that m2thy 
other substantes may bo ^posited with'tho mangahese. The 
flfcme “ pdlomelahe ” rather loosely, appHed^ to* imt»3Jir|5 hydrated 
ores of manganese, often earthy. ^Some varieties contain much 
bariuinHOthers zjnc, others again cobalt. 

The most impprtjnt Sepo^its of manganese or^ occur* in the 
Caucasus, India, Brazil, the United StatiSs, /mba, and Spain*; the 
ore is also found in the Sin^i Peninsula ^nd in West Africa, , 

Some manganese ores aref cp^jfainly^rjsidual ii\ origin, feyrt^enting 
the remains of the weathered igheous rock left ondhe ^o! aftoi 
the water has dtne/ts work.* Certain !braziliaii%nd lAdian dihposita 


Ma^ganjte 

BraunitSe^ 

Sl,afismannit 

PyJolusitel 

‘ -W, 

PoHanite J 
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are of this charactei* b^il^flearly only an ignedurfr«ck exceptionajlly 
Soli in maiwaneao ivill leave^usMul eft^s aftei^ weathering^ 
f* The miijeral * , 

^ » t Ff^inlflinit^ / * (Ee,Zn,lVln) 0 ,t(Fe,Mn )203 

wiiich occurs in New Jefsey at tCe junctkm of Kmestone and granitic 
dykesf is of more importance as an ^e of zinc tlian manganese, 
♦and the discussion /if •its'' mode of origin may be deferred until the 
{section dealing with zinc. 

Technology and Uses 

, "Deiore me war, tlie greater part of the world’s demand for 
rtanganese was supplied from the Caucasus and India, with smaHer 
amounts from Brazil jtnd Germany. The cutting off of the B/assian 
tTnd German supplies from Western Europe and America in 1914 — 
coinciding wkh a» exceptional dernani^ for ^he metal for armaments 
— Avas the Lccasiop* for great efforts to develop Che ore-fields of 
Brazil, the United States, Cuba, and Spain, arnd the p;’oduction of 
thf^e countries increased in a sensational /nanner. At the end 
6f the war^thc demand for manganese dropped very rnpeh, and the 
* industry iff all these countries declined, in «^iite pf the fact that 
production at the Caucasian mines was at a standstill— owing to, 
the unsettled state of the district.^ * * 

Manganese in Steel. By far the largest demand for manganese 
has always been due to its use in the steel industry. For this 
purpose , alloys containing both manganese ,and iron, which arc 
called ferro- manganese when rich in manganese, and spiegelei^en 
when poor, af o utilized. They are produced by, the redufstion of 
a mixture of iron aipd ^nan^Anese orb?; — or of manganese ore con- 
taining iron^ — wilSi fuel in a blast-furnace ; occasionally an electric 
furnace is used. ^ It is desirable not to employ Joo high a tempera- 
ture, owipg td the volatility of nmngam^ef The prp(|uction of 
these alloys ii discussed in the section pn iron. * 

S'mall quantities of, manganese are added to sj^eel as a deoxidizer. 

, Larger quantities ^re added tp confer i^ecific qualjties op the metal, 
which is thw»*fenown ps 'imn^nese steel. M^ganese steel possessSS' ^ 
r* extraordinary toi%hness. * . ** 

During^ the war, owhn^ to the shoftage^of high-grade ^mangunese 
ores, sf»iegeleiaen wf^ oSoen used where th^ rich aUeys (ferro- 
^ mang«*.nese) had bobn nised peflre. In so far as manganese was 
required ^s a deoxidizer, the Shortage was partly 'overcome by the 
substitAlic'n of oth6r elem^ts {tiWiuna, etc.) which have an 
affinity for oxygen. 

t ' » Mljianey, Min^ Ind. 28 ^919), 442. ^ 
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•"^^^anganese ki* Qopper Alloye. ]\Jiyigarrese is ^so a con-^ 
stituent o&t(be allc^y k^^own asNnaifgaf^ese brtHiae, wj^ch is reaUjf 
a brass coimimng manganese an^ usually, iron* and |aluminiun# 
besides (see yol- IV). ^ Ifl addition ma^^aneSo used* ip s«iall 
quantifies in otfier adoys ef coppei* su^jb an nichrorae, Monel metal 
ajrd Grefmai^silvCr, its main j^unction being apparently th^t of a 
deoxidizer,^ and possibly thtf of a desulpliiirizer also. • 

Certain copper- manganese containing^a *|prge? jroQprtion 

o# manganese are used for special purposes. Copper containing 
4-6 per cent, of manganese retains its strength i?«mark{lljly well 
^t high temperature?^, and has been found>very suitable dor fire-box 
stays 2 ; copper- manganese alloys have also been used for turbine* 
blading.^ The alloy known as manganin,^^ which contains about 
82-84 per cent, copper, 12-15 per cent.*of mayganese, 2-4 ppr 
cent, of nickel, and 0-1 per cent, of iron, has some importance in 
the prep^fyatioii of resiUtaiKK:^ coils, owing to t^ie^f act' that the elec- 
trical resistance* is almost independent of the tetnperafure. 

Permanganates as Oxidizing Agents. Several of the (iom- 
pounds of nianganci^^ have considerable industrial iraportancrf>. 
In order to prepare *manganates and permanganates from, 
natural pyroluSite, flie oxidizing action of the air is made use of. 
If, for •instance, a mixture of sodium Iwdroxide and powdered 
pyrolusite is roasted for some days in, a flat pan, the latter becomes 
largely converted to sodium raanganate. By extraction with water, 
and subsequent treatment of the dark green liquid with carbon 
dioxide, a concentrated solution which contains permmiganate 
as^ell as manganate is obtained. This solij|ion has strong oxidizing 
and disinfecting proix^rties,^ attaclyng f>rganic bodies generally. 
The solution can be sold, without sepftation the constituents, for 
use as a deodorizer and sterilizer. 

Where a solid <^idizing agent is demanded, pojassium perman- 
ganate •generally pAparec^ as this crystallizes better than the 
sodium salt. In that casf*. caustic potash is heated ^ith pyrol^i^ite, 
and the aqueous iextraetTrom the product, «which Toqtains chiefly 
,potassium*mangjinatc, is a^fflified ei^ier With si^phuric acid or with< 
caj'bon dioxide, ancf*then boiled. vOne-third ^of *t'i!^ manganate 
is reduc ed to manganese cffjmde ^or a manganite) and*the rest it 
oxi3ized 4}o a? '"pernaanganate. The solutVnI is filtered |ree from 
mangane*^ dio^id^, and c^^aporated upby cooling it deposits 
crystals of potassium permangaJiaJe. * 

' A. F. Braid, Trans. Amsr. ^st. Min. )iJng. 60»(1919), ,S7I.* « 

** E. F. Law, “Alloys t»^d rtHnr IndAifc^Tia^Ajwjlication “ 

8 W. B. Parker, InsUMet. 1¥(1915), 53.^^ % • 

* M. A. Hunter and J. W. Bacon, Trans. Amer. E^ctrochtm. Soc.*3b (1919), 

323. 
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In the method just aespfibed one-third of tli^e fniinganese retijpns 
^tie state^of dioai&e and jreqbires^eoxidafion^ ^ In ^f»ue works, 
therefore, oxidation of ijian^an^te to permangp/nate is carried 
out’#elect]|DlyticnJlyj» Thfe manganate ^lujion, \ptl^oijt addition 
of /Lcid,*is introduced into aAode coij^)artntent of a cell divided 

by a pyrous diaphragm. The cathod|k compartment c^tains dilute 
^Ikali. Iron or nickel electrodes can*^ used, the anode becoming 
in eacjj caseiqui^ plssive. When^ ^urrent passes the manganate 
becomes oxidized to permanganate round the anod^ ; at the cathode 
hydrogqft is ev^ed, and the alkali solution becomes more concen- 
trated. Low anodic cuiyent density favours ^ high current effi-, 
eiency, but"* even under the most favourable circumstances, a con- 
siderable fraction of the current is wasted upon oxygen -evolution. 

Jn addition to jts use its a deodorizer and disinfectant, potassium 
permanganate serves as the source of other manganese compounds ; 
when reduced*ijy s^ilphur dioxide in acifl solution, manga^ious salts 
are obtain ed,*Whilst«*eduction in neutral solutk)n yields forms of the 
dioxide which are more reactive than natilral p;^roliisite. • 

.Manganese in Glass. Manganese dioxide is considerably 
used in the^glass industry as a decolorizer. * As already explained, 
its function is twofold. Firstly, it serves to oxiSize l^e iron present 
from the ferrous to the ferric state, causing the deep ^ee» of the 
ferrous compounds to be* replaced by the less intense yellow-green 
of the ferric compounds. Secondly, the violet colour of the man- 
ganic compounds produced serves to mask the yellow-green colour, 
being roughly complementary to it. Many kmds of native pyro- 
lusite are quite suitably for use in the glass-batch. Manganese^is 
also added in Targer quantities both to glass and to glazes as a 
colouring matter ; itf confeif, a violet colour or a dark brown, 
according to the c*omposition of the glass, the state of oxidation, 
and the amount abided. • ^ • 

Manganese Dioxide in Prinulry cSlls.^ The (Oxidizing 
pro]»frties of mynganese dioxide are also*utilized in the Leclanche 
cell, the so-called “ dry*”,form of whichjs now matlufaetured by the 
•million, being^used*for electrij5 torches, bell^ telof)hone^j*and fon 
“.ignition V purpo8(^. * The \^r(i “ dry^’ is really a misnomer, fftr 
& the cell wc^e truly dry,, it would b5#nactive. It contain^., 
ever, no j^ee liquid, but'taes’ely a moist pafty iHixture ; fjfe cell is 
thus available for tra-ispoit witl^out *fear of sf)ilhng. A section 
eff a dry cell is shown in Fig. *19. The u^anganese* dioxide mixed 
with granulated carbon fusuall^y^both graphite and petroleum coke 

1 C. M, iVeld, U^S. Bur. Mmes, Bull. 173 (19^), "16 ; v. L. Ordway, Trana. 
Amer, EhctTochem. Soc. 17 (1910), 341^ ■ 
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are used) is pa(^ed .tiglftly round, a carbon »oS*whfeh forms the 
poSTtive electrode ; the ijiixtive m contained , i j a z!nc canftt^/ 
which form?\he1iegative iK)le,^butfis Kept from cnmin^ into actuaJj 
contact with th8 zinc by e^la^er of absorbing pp,peR^*puJ^Jboar(^* or, 
in some forms •bf c^ll,* canvas. TChe ^hble is ke^t moist* with a 
solutioij of ammonium cnloride, often mixed with zinc chloride, 
as the zinc ^t is found to ri*ituce the local corrosion of the idetallic 
zinc. 5ygroscopic substances ,riich as calctuiia •chloride are also 
s^^metimes added to prevent *any danger of the \^ter e^apA-ating 



altogether.^ Above the mg^aneso dioxi(J» mixture cchnes a layer 
• sand ^ sawdThst, jvhich acts as ap cxpansioii c^apjber for any 
gah which may be produced*;* the ti»pVf the cell sealed with pitch?^ 
*^rthna the c§y produces a ^rent, the ai^c, enters thg ionic state, 
forcing b^t hydrojebn on tq the granular carbon of Ih© porous 
mixture, which hydrogen is quicjdy refnoyeci by inte^actm with 
the manganeoe* dioxide. , When freslji the cell sl\ould yjeld 
volts, but if the cell is ctfU^^ upon {o furnisJh a powerful* current, 
hydrogen begins to ^.cculnulatet&n the cafljicSi ai^^ the E.l&.F. drops 
far below thatkvajue. ln%. good ceD, howevdr, the* E.M.F., should 
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recover quicily i!*tke#cell is aUowed 
'eleftrly neccfesary^tij^ the mangane^ 

Reactive variety* ^ * 

Very 'miJch reseafcK ^ork has been d#jvoted to the study of the 
depolaitzing benaviour^df* different forms ' of^ mahganese dioxide. 
A'slightly higher JJ.M.F* can be obtame^by using artificial dioxide, 
but tlfe natural pyrolusite is generally used by cel?%iakers. tfp 
till the war^ very, pint pyrolusite from the Caucasus was generally 
eaipl(fye(?; but Vhen this supply ^aJ cut off, it was found possilje 
to usg n^terial ^g'ith 2-3 per cent, of iron, without'loss of efficiency. ^ 
It*is geVierally considered best to have the maiiganese dioxijje in a 
failly coarse, but porous, form, and to mix it with comparatively 
fi»e carbon, so t|jat a conducting coat of carbon is formed over eatffi 
grain of dioxide. • • • 

•Innumerable patents have been taken out for special forms of 
artificial manganese dioxide— or mixtiq’cs containing the dioxide — 
designed for»uso ag* depolarizers in dry cells. Asffar as one can 
judge, the inventors appear to have be^n ainting at t)vo separate 
goafe ; some have sought to obtain the dioxieje in the most reactive 
fdrm possible, and others to obtain it in fhj^ most condpetive form 
•possible, some extent these two desidentifi ar^ irreconcilable, 
since high reactivity demands a porous form with large surface area, 
whilst high conductivit^j requires a compact material! * 

All the materials used in* the cell must be free from elements 
like copper or arsenic, which, by producing locaj con’osion couples 
on the zinc surface, would cause the cell to deteriorate on keeping. 
For th^ same rcjison, it is important that the manganese dioxide 
and carbon slgmld notf include j)article8 sufficiently small to pass 
through the porous lay«r, and come w^o contact with the ^inc. 
Even the bestg^ells which can be produced under commercial 


to lest; to ^ensure rnis it is* 
dio^idf should be of a higEly 


conditions - do, however, deteriorate on keeping, especially in hot 
climates. Whe»e^.clls are likefy to be stor^ for some time^ before 
being used, the so-called “inert” type of cell is to bo* preferred. 
Thin^type is tr^y dry, being quite free from moisture as it leaves 
the factory,* and as l(?hg as it remairy^jiry it cannot deteriorate. 
''When actua^j^ jreqfiired for u^, water is pouj;ed i^ through a hol^ 
^ the tojv and is taken up the maji^rials within the cell. The 
cell is then ijioist and acV.ve, like the ordinary form of “ 
and is ca^rfble of yielJirfg f current. ^ * 

Manganese Co ml>0¥.nis jas#** Driers.” ^ Manganese com-- 
• *• • • * 

^ " Manf^anele, ” (Imperial Minereii Resources Bureau), page 11, 

* CompaiVF. Kainz, Chkm.%Zeil. 45 m. 

•*See L. E. And^, Dryir% Oils^^BoilM Oils ani^ Sol'i and Liquid Driers ** 
(Scott, Q?eenwooQ). • 
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pounds are freq^pHtl^j^ acWed t© paints and rafifishes^as ‘‘ driers.” 
ThS^ryin^of linseed amd gimil^r oik is partly ^idaAon process,' 
the oxygen tlft*air being al^orhed^mto the fiSn trf form solid 
oxidized substaAces. Tho? presence o^ % dat^lysf or* “ ox^en 
carrier i’ facSlitaKJbs the process. M is w^dally the^case, it ft those 
metals ^hich possess more\liari one stable oxide wjiich are effective 
as oxygen-caMers ; lead, cob^w’t and manganese salts have afl been 
used as friers. Manganese berate, forme® ^y. precipitation, is 
st^l largely used for this puipoj^e, as is also thtf dioxftle.* But 
organic salts like manganous rosinate and mang^ous ljjio]eate 
have cqmo into favo^^r ; thej^ have the advantage b? being ioluVyle 
m the oils in question. 

Manganese Pigments. One or two compounck of manganese 
have value as pigments. Barium mahganate {Cassel green) 
is a fine green powder, formed when the dioxide is heated with 
barium niprate m air, Itiit ib is not much used^n^w. '^A hydrated 
dioxide {mangmiese h^own) is sometimes utilizwl as an inorganic 
colouring material in*the dyeing of fabric. It is formed in situ in 
the following way. The faj)ric is steeped first in manganous sulphate, 
then in caustic soda ; i<v is then washed and dried, the manganous 
hydi’oxide precipitatfd within it becoming oxidized on exposure 
to the air. The colour is not very satisfactory if used alone, but 
if other oxides (e.g. those of iron and chrcmiium) are precipitated 
at the same tinu^, quite fine tones are produced. 

The Umbers arc^pigments made from certain naturally occurring 
iron-manganese hydrpxide ores, which are ground, levigated^ where 
necessary, and then usually “ burnt.” Burnt umber is a cheap and 
permanent browp , pigment of good covering power, a’.d with careful 
burning, rich tones of browA’can be*Qbtaii\eV„ which vary rather 
amongst ores of different origin. A fine quality »of umber comes 
from Cyprus. Uinl^er is also used in the raw (unburnt) state. 
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I Softening of ^ater, 54 * 

Soluble glass, 68 ^ 

Solvay4^’oces8 (for Hlkali), 25 
So|>l Otment, 110 
SpnAie,^46 
1Spiegelei|en^ 378 



su5;ji!j?r 


^piiK'i' i%e, '♦ 

||L>0dUllK'llL\ 0 • 

S^sfimjL salts, 21, 7^, 77, 
§fcrtss, (i^ 

Sto^Tware, 204, 21:1 
■^tro^tiurii, an?llytifj4, 1 4 A 
<?ornpJliii<ia, • 
metal, 144 ^ 

V‘ehnol<j|p(.^ and n»k!.s^ Ml 
terrestrial oee*ir>niee, 14 
Uroiitianite, 147 • 

iuint, 79 • 

' JiiperpliosphaO* " ef liriu', 
ivvaging of tungstcM, ^^0 
5vlvinit(\ 7(i 

» • • 

'ale. 10(5 

'aPlniiig, 200, 9 19 
'fintalije. 297 

"'antalmii, andf^eal, 2!K(, 2 
eoiopotiufls, 294 
metal, 292^ 

t('ehnolo^?^!|i^H?P^es, 297 * 
awing. 20(> ^ 

'('rhimn, 219, 224, 235 • 


I'ungaleii, o4o * 

metal, 330. fU^ * 

5ehre,#;^| 

•f<a%-jlogy,i^3 j|- 
•(^'rrestrial (^cuiTifico, ^42 
rmke^*ri*tl oil# 43 ^ 

IVitefiey ^'oees^, ii'S 

Ulexitit, 22, 170 
[dtramurim*, 202 * 

JmOer, :\ii} • 

.^a%^um, anamfc< *fl, 359 • 

% eomp<niiHls. 1153 g * 

metal. 351 

teelmolegy and uid^H* 300 
» Ua-restrml (teeiirrenco, 3 '9) 
I’ranium A|. 270 

X'anadinile, 2S2 ^ 

\'anadiiim, flnalytieal, 280 
eompininds, 272 ^ 
na'tal, 271 

t ee 1 1 m ► l< >gy a n ( 1 *is(‘s , ^ 3 
l<*rr(‘strial 0(.‘cflrrenee?y82 


'erni cotta, 2(W, 213 
'herniite wel^ng, 195 ^ 

'horia (thori^i oxicN'), 2(50 * 

in eJ('ct rie filaments, 345, .1^48 
in gas mantles, 20(5 •• 

liorianite, 2(il, 359 
horik*, 2tl4 * 
liorium, analytical, 2(52 
eomjKimuls, 200 
metal, 200 , 

technology, 204 
tern'strial occurreius', ^(53 
horveitite, 229 
Iniftmn. 219, 224, 23(5 
itanite,.24(5 

itanium, analytical, 2 14 
compounds, 241 
elemoiit, 240 
techxiology and uses, 4ft 0 
terrestflal^fs-urrence, 24.5, 
i^nscnd (/ml (for alkali), 3(j 
'iphylik', 0 

•iplo enect evaporak^r, 23 
Ipna, 22 

ingsk'ji, tftnflytical 1 
eompoimds, 338 ^ 


Wad, 377 ^ 

Washing ” of clay, 209 
Wa((‘r-gJaKs, 08 
“ Wcatiiering ” of clay, 2(^ 
W(‘Isl)ach mantle, 2(5(5 
Whiting (*(‘11 (for alkali), 40 
Window glass, 02, 04 
Withorik‘,*ir)5 
Wolfifiin, 342 
Wolla.s((»nite. 123 
Wnlfenih*. 332 

V(tcrhimn,*219, 224, 230 
Yttrium, 21^, 224, 234 
^'tlrium family of nui^rths, 223, 
%27, 2.ft 

Ze'oliles. 54, L'tn: 

Zine yellow, 321 
Zirfon, 253 * % 

Zireoiiium, analytical, 252 
cnmpoimds, 249 
metal, 249 ^ 
l(s*hnoln^ and us(3f, 2^4 
•rcsirffil (x;e(fl[re>'«c 2.59 

ZklaiHl, 253 • 
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